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PREFACE 


Almost a lifetime of experience has gone into the writing of the 
101 Ways to Use Your Test Equipment series. I have demonstrated 
techniques for using test equipment to servicemen all over the 
country for a number of years, and in the process it became ob- 
vious to me that many servicemen needed much more information 
on using the instruments they possessed. The result is this series. 

Every effort has been made to emphasize the practical aspects of 
servicing in these books. Drawings show exactly how to hook up 
equipment and the procedure for each step is spelled out. The 
photographs of waveforms show the results that should be ob- 
tained; these are evaluated and interpreted to show normal or 
abnormal operation of the circuitry under test. 

The sweep generator is not a single piece of equipment. To most 
servicemen the term refers only to the instrument which supplies 
signal for FM and TV alignment. (These uses are covered in detail 
in this text.) However, audio sweep generators are also available 
for solving problems involving high-fidelity equipment and the 
audio components of a TV receiver. This book has been revised 
and expanded to acquaint servicemen with these possibilities. 

I hope my experience in this field will make your work easier 
and more profitable. 


RosBert G. MIDDLETON 
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Introduction 


THE SWEEP GENERATOR 


It is well known that the sweep generator is a versatile instru- 
ment. Recently it has been recognized that a sweep generator is 
much more than a tool for visual-alignment procedures. It also has 
applications in general troubleshooting procedures that make it 
valuable to practical technicians. This is a continuing trend. 

When sweep generators are mentioned we commonly think of 
RF, IF, and perhaps video-frequency instruments. In fact, when 
the term “sweep generator” is used by itself in this book, it refers 
to one of these instruments. However, audio-frequency sweep 
generators are also of considerable importance in practical test 
work. 

Audio sweep generators can take several forms. Technicians 
who work with audio amplifiers often use gliding-tone test records. 
A gliding-tone test record is an-audio-frequency sweep-signal 
source. A typical record starts at 10 cps and ends at 14 kc. In com- 
bination with a hi-fi record player, this provides an economical 
source of an audio-frequency sweep signal. 

Technicians who want maximum accuracy may prefer to pur- 
chase a laboratory type audio sweep generator, although these are 
comparatively costly in comparison to RF, IF, and video-fre- 
quency sweep generators. If you have an audio-sweep test posi- 
tion at the service bench, amplifiers, sections, circuits, and compo- 
nents can be tested with great rapidity. All that is necessary is to 
connect instrument test leads, and the audio-frequency response 
curve is displayed on the scope screen. Thus, much time is saved 
that would otherwise be wasted in making tedious point-by-point 
measurements with an ordinary audio oscillator. 

It is often said that a square-wave or pulse generator will pro- 
vide the same basic test data as an audio sweep generator. This is 
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quite true. However, the beginner tends to prefer a sweep-fre- 
quency test, because he finds it somewhat difficult to interpret 
square-wave and pulse patterns. A sweep-frequency pattern does 
present test data more directly, because each frequency in the 
scope pattern is directly associated with an output voltage. This 
requires no interpretation. 

If you are not fully familiar with FM generators, we suggest you 
read this introductory coverage on the basic instrument. It will 
help give you confidence and efficiency in bench test work. 

A sweep generator is an FM generator. This is its basic differ- 
ence from a signal generator. When a signal generator is set to a 
40-me frequency, it supplies a 40-mc sine-wave output. On the 
other hand, when a sweep generator is set to a 40-mc frequency, 
this is a center frequency. The output varies from a predetermined 
number of cycles below the center frequency to the same number 
above, passing through the center frequency at the sweep rate. 

The output signal from an RF or IF sweep generator swings 
back and forth 60 times a second. It could swing (sweep) at some 
other low range. However, since 117-volt power lines have a 60- 
cycle frequency, it is more economical to use a 60-cycle sweep. 

An audio-frequency sweep generator, on the other hand, oper- 
ates at a much lower repetition rate. Thus, a gliding-tone test rec- 
ord or an audio sweep generator might make one complete sweep 
each 20 seconds. Slow audio sweeps are desirable because a fre- 
quency range of approximately 1000 to 1 is being covered. At low 
audio frequencies, particularly, circuit response may be compara- 
tively slow. These circuits must have more time to respond than 
the circuits in an RF tuner, IF amplifier, or video amplifier. If the 
appropriate response time is not observed, the resulting sweep- 
frequency pattern will be distorted. 


Sweep Ranges 


Most RF and IF sweep generators can be tuned from about 2 
me to 250 mc. The lower frequencies are sometimes produced by 
beating together the output of two oscillators; in such a case the 
result is called a beat fundamental output. The middle frequen- 
cies are generally pure fundamentals. The higher frequencies are 
often harmonics of the midranges. 

The more expensive service generators provide pure funda- 
mental output over their complete frequency range. They have 
more circuits, tubes, and filter networks to obtain an unmixed 
output. 

Gliding-tone test records typically sweep from 10 cps to 14 ke. 
The output consists of pure fundamentals. Most audio sweep gen- 
10 


erators cover a range from 20 cps to 20 kc. Pure fundamental 
output is also provided by these instruments. 


Frequency Output 


Some IF sweep generators have an extended low-frequency 
output. Instead of “cutting out” at 2 me, this type of instrument 
provides output down to 100 kc, or sometimes to 40 kc. This 
is no reflection on instruments with a limited frequency range. 
Extended range instruments cost more, and we get what we 
pay for. 

We show how to extend the range of an IF generator with a 
lower limit of 2 mc, down to lower frequencies such as 40 ke. This 
is quite easy when you know how. It is only necessary to use a 
suitable test setup. (See Note 20 in text.) 

Many sweep generators have a single-ended output only. How- 
ever, some TV circuits, such as RF tuners, interference filters, 
boosters, and UHF converters, have a double-ended output. It 
must not be supposed that single-ended instruments cannot be 
used to test such devices effectively. We show how to obtain a 
true double-ended output from single-ended generators with 
simple means. 


Sweep Width 


The amount of frequency swing or sweep width (deviation) of 
the output from a sweep generator is adjustable. We set the sweep 
width to cover the bandwidth of the circuit under test plus a little 
more on each side. 

Adjustment of sweep width is necessary to obtain normal 
response-curve patterns. For example, a typical IF amplifier has a 
bandwidth of 3.5 mc. To test such an amplifier, we use a sweep 
width of about 4 or 4.5 mc. Suppose we mistakenly set the sweep 
width at 15 mc; then the curve looks highly compressed and 
narrow on the scope screen. It is not actually distorted, but it is 
harder to observe and work with. 

On the other hand, suppose we mistakenly set the sweep width 
at 2.5 mc to sweep a 3.5-mc amplifier; then the curve is incom- 
plete, and the ends of the curve are cut off. It is not actually dis- 
torted in this case either, but the pattern does not give us complete 
information. 

Audio-frequency sweep generators usually cover the entire au- 
dible range in one sweep. For special applications the generator 
may be provided with a rocker arm that supplies a sweep over a 
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chosen portion of the audible range. For general service work, 
however, the conventional audio sweep generator is quite satis- 
factory. 


Basic Principles and Applications 


These are considerations that seem excessively simple to the 
experienced service technician. However, the beginner often gets 
into difficulty if these basic principles are not clearly pointed out. 
Even the old-timer, if he does not work with generators for some 
time, gets “rusty” and needs a “refresher” on such fundamentals. 

There is an occasional application where zero sweep width is 
used, such as in displaying rainbow patterns on the screen of a 
color picture tube. If the sweep-width control is turned to zero, 
a sweep generator operates the same as an ordinary signal 
generator. 

Most discussions of sweep-generator work stress the need for a 
flat output. This simply means the output voltage from the gen- 
erator should be the same at the low end of the swept band, at the 
middle, and at the high end. Admittedly, generators having a flat 
output are more straightforward to use. Again, however, we can 
do just as good a job with a generator having considerable lack of 
flatness if we take the generator characteristic into account. 

Generators with outputs that are flat over their entire range are 
relatively expensive. Not every shop can afford highly expensive 
instruments. Hence, it is reassuring to know that by taking suit- 
able care in application, generators lacking a flat output can be 
made to do a good job. We explain the necessary details in the 
following descriptions of uses. 


Other Functions 


Many RF sweep generators provide supplementary functions, 
such as absorption- or beat-marker output. Some generators have 
a choice of both types of markers. In addition, crystal-calibrating 
facilities are often supplied to check marker accuracy. A few gen- 
erators have an internal modulator combined with the marker sec- 
tion, a feature that greatly increases the number of useful tests 
that can be made. 

Other sweep generators have an FM output only. External 
marking, calibrating, and modulating equipment must be used to 
make various tests. 

You will encounter sweep and marker generators having built- 
in bypass marking facilities. These instruments maintain a con- 
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stant marker size at any point on a pattern, and hence are some- 
what easier to use. 

In addition to beat or absorption markers, a few instruments 
provide blanking or intensity-modulation markers. This is a form 
of bypass marker, but it appears in the pattern as a dark or bright 
dot (blank space or bright dot) instead of a kink or wave in the 
response curve. 

Some sweep generators cover the UHF band on harmonics. 
Others have a fundamental output on UHF. The latter are easier 
to use, but alignment can also be accomplished with harmonics 
if proper care is used. 


THE OSCILLOSCOPE 


The majority of uses for a sweep generator will also include the 
use of an oscilloscope, and the following paragraphs are included 
in this book to familiarize the technician with helpful hints per- 
taining to the oscilloscope. 


Hum 


Base lines which are curved or tilted instead of being straight 
and horizontal are usually caused by 60-cycle hum in the pattern 
(Fig. 1). Eliminate the hum to cure the distortion. 


(A) 60-cycle hum. (B) 60-cycle hum—opposite phase. 


Fig. 1. Curved base lines caused by hum. 


Percentage Response to DB Response 


It is possible to convert percentage response into db response 
by placing a ruled graph screen on the scope and noting the 
percentage response points corresponding to the db values as 
shown in Fig. 2. 
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PEAK OF RESPONSE CURVE 


70.7% 


OATES NEY, 


Fig. 2. Percentage response to db response. 


The chief db values used in alignment work are: 0, —3, —6, and 
—20 db. For other db values, interpolate on the diagram. 


DC Scopes 


Many servicing procedures require the use of a DC scope. The 
following procedure may be used to convert a standard AC scope 
to DC operation. 

A small relay and a square-wave generator (or audio oscillator) 
are connected to the AC scope .as shown in Fig. 3. The relay is op- 
erated at any convenient frequency not a subharmonic of the hori- 
zontal deflection rate. The scope terminals are shorted and opened 
at a rate which avoids flicker. The pattern shows both the zero- 
volt input level (base line) and the waveform under test. The 
resulting pattern is equivalent to the pattern provided by a DC 
scope. 


Stray Field Pickup 


Stray field pickup is noted when a scope is set for high gain and 
the input test leads are open-circuited. This is a consequence of 
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Fig. 3. How to convert an AC scope Est 


to DC operation. 
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OR 


i SQUARE WAVE 
© GENERATOR 


Fig. 4. Different aspects a curve may have 
on scope screen. 


the high input impedance of the scope (typically 2 megohms and 
125 mmf). If you short the input test leads, the stray-field pattern 
disappears from the scope screen. Or, if you connect a half- 
megohm resistor between the input leads, the stray-field pattern 
again disappears unless the stray-field strength is considerable. If 
you connect a 10,000-ohm resistor between the input test leads of 
the scope, a stray-field pattern is observed for extremely intense 
stray fields only, such as are found adjacent to the fly-back leads. 
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Curve Aspect 


Service manuals show response curves in aspects which may 
not appear on the scope screen. As shown in Fig. 4, a curve can 
appear in any one of four aspects. The easiest way to control 
curve aspect is to jumper the vertical and horizontal terminals to 
the CRT as required to reverse or invert the curve. For example, 
in the terminal diagram of Fig. 4, jumpering 1-7 and 2-6 will turn 
the curve upside down. Jumping 4-10 and 5-9 will invert the 
curve left and right. 


Fig. 5. Typical changes in curve shape when test setup is unstable and oper- 
ator touches various equipment controls. 


Stable Patterns 


During alignment work, there are times when the response- 
curve pattern is not stable. This condition may be corrected by 
providing drain-off and dispersion of RF voltages present on the 
outside of the instrument cases and test cables. The sweep gener- 
ator, receiver chassis, and scope are set on top of a large metal 
plate. Ground leads are run from the Sweep generator and scope 
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Intensity control set too Intensity control set too 
low. high. 


Horizontal gain control set Horizontal gain control set 
too low. too high. 


Focus control misadjusted. Horizontal phasing control 
misadjusted. 


Center frequency too low. Center frequency too high. 


Fig. 6. Recognition of scope control misadjustments. 
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Sweep width too great. Sweep width too small. 
Vertical gain too high. Vertical gain too low. 
Horizontal centering control Horizontal centering control 

too far to left. too far to right. 
Vertical centering control Vertical centering control 
too high. too low. 


Fig. 6. Recognition of scope control misadjustments. 


cases to the metal plate (more than one RF ground lead to a case 
may be required). With the equipment set up in this manner, the 
response curve should remain quite stable and unchanged in size 
~ and shape when the operator touches any instrument or cable, or 
moves the position of a cable on the bench. Fig. 5 shows several 
examples of curves which have changed shape when test setup is 
unstable and operator touches various equipment controls. 


Misadjusted Controls 


Fig. 6 shows various response curves resulting from misadjusted 
controls. 


TRICKS OF THE TRADE 


Tricks of the trade come with experience. For example, an ex- 
perienced service technician can mark a video-frequency response 
curve without using a low-frequency marker generator. He learns 
how to step off frequency intervals on a curve from the zero- 
frequency point, using the generator dial as an indicator. 

As the service technician learns these tricks of the trade, he be- 
gins to realize that sweep generators are far more versatile than 
he ever supposed. He finds that his generator does many jobs other 
than merely running frequency-response curves. He learns that 
a sweep generator is a regeneration tracer, rainbow generator, 
signal injector, vectorgram generator, and 60-cycle square-wave 
generator. 

You will observe that this is not a theory book. 101 Ways to Use 
Your Sweep Generator is a completely practical book, which gets 
right down to brass tacks and shows you how to do the jobs. It is 
a handbook for the working technician. 


EQUIPMENT CHECKS 


To Obtain Accurately Balanced Push-Pull, 300-Ohm Out- 
put from a Sweep Generator Having a 75-Ohm, Single-Ended 
Output 


Equipment: Five feet of 150-ohm lead-in (for balun construction). 

Connections Required: The lead-in is cut into two exactly equal 
lengths. The sections are placed in a straight line, separated 
by one inch. Connect the terminals in series and in parallel, 
respectively, as shown in the accompanying diagram. 

Procedure: Apply signal from output end of balun to any 300- 
ohm, double-ended device to be tested, such as the antenna- 
input terminals of an RF tuner. 

Evaluation of Results: Operation of the balun can easily be 
checked with a double-ended demodulator probe and scope. 
Output from balun should be flat over the swept band. 

For use on the VHF channels, the balun should be about 30 
inches long. Too short lines cause attenuation at lower frequen- 
cies. This diagram shows that, in the limit, a balun becomes a 
short circuit. 


1500 LINE SECTION 


FROM SWEEP 
GENERATOR 


Construction of a balun. 
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EQUIPMENT CHECKS 


Test setup to check balun op- 


at} eration. 
DOUBLE ENDED 
DEMODULATOR PROBE 


GOING 

IN _, OUT 
GOING 

IN OUT 

IN 


GONE! 
OUT 


Short lines cause attenuation at lower frequencies. 


To Provide a Double-Ended, 300-Ohm Source Signal from a 
Sweep Generator Having a 75-Ohm, Single-Ended Output 


Equipment: Three composition resistors (75 ohms, 120 ohms, 
120 ohms). 

Connections Required: Connect the resistors at the end of the 
generator output cable, as shown below. Use short leads 
(this is particularly important when sweeping high channels). 

Procedure: Apply output from resistors to point of signal appli- 
cation. 

Evaluation of Results: A flat sweep output should be obtained 
from the pad on the high channels in particular when tested 
with a double-ended demodulator probe and scope (see U6). 
Note that occasionally you will find small wire-wound re- 

2 ay) 


EQUIPMENT CHECKS 


sistors which appear similar to composition resistors. Wire- 
wound resistors must not be used, as sweep-signal distortion 
can occur. 


SWEEP OUTPUT 
CABLE 


Single-ended output cable, ter- oP age ea, Per tee ay 
minated with 75-ohm composi- 300-ohm . output, using two 


tion resistor. series resistors. 


To Check for the Presence of, and Measure the Strength of, 
Spurious Outputs from an RF Sweep Generator 


Equipment: Field-strength meter. 

Connections Required: Connect terminated output cable from RF 
sweep generator to input terminals of field-strength meter. 

Procedure: Tune the field-strength meter to the same channel as 
the RF sweep generator. Adjust generator and field-strength 
meter controls for a reference indication, such as 50,000 mi- 
crovolts. Then, switch the field-strength meter through its 
range, noting presence and strength of RF signals at points 
above and below the channel to which the generator is set. 

Evaluation of Results: Spurious outputs should be no greater 
than 10% of the desired output for those classes of tests 
using untuned input to the demodulator probe, such as 
delay-line and probe tests of tuner impedance. Some gen- 
erators have a much higher output on spurious frequencies 
than on the desired frequency. In such a case, you must use 
those classes of tests where the generator output is filtered 
by tuned circuits before the test signal is applied to the 
probe or scope. 


RF SWEEP 


Test setup. GENERATOR 


FIELD STRENGTH 
METER 
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EQUIPMENT CHECKS 


Checking a Video Sweep Generator for Flatness 


Equipment: Single-ended demodulator probe, absorption-marker 
box, and oscilloscope. 

Connections Required: Feed output from generator to marker 
box. Connect probe at output of marker box. Apply probe 
output to vertical-input terminals of scope. 

Procedure: Adjust instrument controls for pattern as shown 
below. 

Evaluation of Results: The swept trace should be reasonably flat. 
A standard absorption-marker box places “dip” markers at 
specified frequencies on the trace, such as 0.5 mc, 1 me, 
2.1 me, 3.1 mc, 4.1 mc, and 4.5 me. A given marker is iden- 
tified by touching an associated terminal on the box. The 
corresponding marker moves slightly on the curve, giving 
its location. 


SINGLE END 
DEMODULATOR 


VF SWEEP 


generator [T° o000000 
Oo 


MARKER BOX 


SIST TGS Sip ie TO SCOPE 


G 


Test setup. 


Response curve showing markers. 


EQUIPMENT CHECKS 


To Test a Sweep-Generator Output for Flatness (Uniformity 
of Output Voltage Over the Swept Band) 


Equipment: Demodulator probe and oscilloscope. 

Connections Required: Connect demodulator probe at terminated 
output of sweep-generator cable. Connect demodulator cable 
to vertical-input terminals of scope. If scope does not have 
built-in phasable 60-cycle horizontal deflection facilities, con- 
nect cable from generator deflection-voltage connector to 
horizontal-input terminals of scope. 

Procedure: Observe pattern obtained on scope screen. 

Evaluation of Results: A sweep generator is easiest to use when 
the sweep-output voltage is reasonably flat. Proper termina- 
tion of the sweep-output cable assists in obtaining flatness. 
(An open or completely unterminated cable has the poorest 
characteristic, particularly on the high channels.) However, 
note that if the generator characteristic is not flat, you can 
take the non-uniformity into account and still obtain useful 
service from the instrument. 


SWEEP OUTPUT CABLE 1200 IN34A 


270 MMF 


(KEEP RF LEADS SHORT) 


Test setup. 


FLAT TRACE 


TRACE NOT FLAT 


Pattern obtained on scope using 10-mc sweep width. 
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EQUIPMENT CHECKS 


NOTE 1 


To Check the Low-Frequency Limit (Demodulating 
Capability) of a Demodulator Probe 


The output from a video-frequency 
Sweep generator is passed through 
an absorption marker box, then 
through the demodulator probe to 
the scope. Fuzz appears at the low- 
frequency end of the pattern due 
to incomplete rectification and fil- 


VIDEO FREQ 
SWEEP 
GENERATOR 


DEMODULATOR 
PROBE 


SCOPE 


tering at low frequencies. The out- 
put voltage from the probe also 
chokes off. Absorption marker shown 
in illustration is at 50 ke. This is 
at the lowest frequency that can be 
handled by the probe. 


Test setup. 


Waveform obtained when checking 


demodulator probe. 


NOTE 2 


Checking the Sweep Width of an RF Sweep Generator 


The sweep width of an RF sweep 
generator may be checked as shown 
in the following diagram. Apply out- 
put from sweep generator to verti- 
cal-input terminals of scope. Marker 
will appear on swept trace when 
marker generator is tuned to a fre- 
quency within the swept band. Ad- 


RF SWEEP 
AND MARKER 
GENERATOR 
DEMODULATOR 
PROBE 
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vance sweep width control to maxi- 
mum. Turn marker dial to run 
marker from one end of pattern to 
the other. Note marker dial reading 
when marker is at extreme left-hand 
and right-hand ends of pattern. The 
sweep width is the difference be- 
tween the two marker-dial readings. 


Test setup. 


SCOPE 


EQUIPMENT CHECKS 


Pattern showing output of sweep 
generator lacking complete flatness. 


MA ets 


NOTE 3 


Checking Non-Uniform Characteristics of a Sweep Generator 


The non-uniform characteristics of a 
sweep generator may be checked by 
the following method. The test set- 
up is made as outlined under U5, 
and the sweep generator output is 
sketched on a sheet of graph paper 
for reference. Using the same sweep 
width and RF channel output, next 
display the RF tuner response curve. 
Then revise the curve shape in ac- 
cordance with the generator charac- 
teristic. For example, if the genera- 
tor has twice as much output at the 
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picture-carrier frequency than it has 
at the sound-carrier frequency, the 
response curve will appear twice as 
high as it should at the picture-car- 
rier point. Keep in mind that the 
evaluation is a multiplication and 
not an addition. In other words, we 
do not add or subtract the observed 
generator characteristic from the re- 
sponse pattern. Instead, we note the 
ratio of signal at one point to an- 
other and base calculation upon this 
ratio. 


Sketching sweep generator output to check 
non-uniform characteristics. 


27 


EQUIPMENT CHECKS 


To Check an Audio Sweep Generator for Flatness 


Equipment: Audio sweep generator, DC oscilloscope. 

Connections Required: Output cable of generator is connected to 
vertical input of scope. Horizontal deflection voltage is ap- 
plied to horizontal terminal of scope. 

Procedure: Tune audio sweep generator through its entire range. 

Evaluation of Results: A typical scope pattern is illustrated in the 
photo.*This is an acceptably flat pattern. Note that it is ad- 
visable to use a scope that has a DC-coupled horizontal am- 
plifier due to the comparatively slow sweep used in audio- 
frequency tests. If a fast sweep (such as 60 cps) is used, the 
audio equipment may not have time to respond normally, and 
a distorted pattern will be displayed. Note also that the hori- 
zontal-deflection voltage provided by a typical audio sweep 
generator is produced by a potentiometer mounted on the 
tuning shaft of the generator. In some units a motor drive 
with a gear-reduction train is provided. The generator may 
be slowly swept through its range by hand. The photo shown 
was obtained by merely rotating the generator tuning dial 
manually. This is why the brightness of the pattern is not 
entirely uniform. 


AUDIO SWEEP 
GENERATOR o 


HORIZONTAL DEFLECTION VOLTAGE 
TEST SETUP 


Test setup. 


Pattern obtained on scope using a 
20-cps to 20ke sweep. 


AMPLITUDE 


20 200 2, 000 20, 000 
CPS CPS CPS CPS 
FREQUENCY (LOGARITHMIC SWEEP) 


Displaying amplitude versus logarith- 
mic frequency. 

Audio sweep generators commonly have a logarithmic sweep. 
Although the principle is simple, beginners can become confused 
if they do not understand what is meant by a logarithmic sweep. 
As shown in the diagram, the audio frequencies do not progress 
linearly when a logarithmic sweep is used. Observe the horizontal 
axis—this is calibrated so the first interval is from 20 cps to 200 
cps, the second interval from 200 to 2000 cps, and the third inter- 
val from 2000 cps to 20,000 cps. This is the principle of logarith- 
mic calibration. A suitable graticule for your scope can be hand- 
scribed so response at individual frequencies can be determined. 

If the sweep progressed linearly, each interval would comprise 
180 cycles. However, in logarithmic calibration, the first interval 
comprises 180 cycles, the second interval 1800 cycles, and the third 
interval 18,000 cycles. This method has the effect of expanding the 
low-frequency region of the pattern and compressing the high- 
frequency end of the pattern. The reason for using logarithmic 
sweep in an audio sweep generator is to obtain a coverage of the 
entire audio-frequency spectrum in one turn of the tuning dial. 


EQUIPMENT CHECKS 


To Check the Flatness of Frequency Response of a Wide- 
Band Oscilloscope 


Equipment: Video-frequency sweep generator having a flat out- 
put (or known characteristic), and oscilloscope. 
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Connections Required: Apply output from generator to vertical 
input terminals of scope. 

Procedure: Tune generator to bring zero-frequency point to end 
of base line in pattern. Use sufficient sweep width to display 
full scope passband. 

Evaluation of Results: To be readily usable in video-amplifier 
test work, a wide-band scope should have flat response 
through 4 mc when demodulated responses are displayed. 


Test setup. 


VF SWEEP 
GENERATOR 


WIDE-BAND 
SCOPE 


Poor high frequency response. Better high-frequency response. 


To Calibrate the Harmonic Output from a Built-in VHF 
Marker Generator for Marking UHF Circuits 


Equipment: Built-in calibrating crystal and mixer. 

Connections Required: None. 

Procedure: Switch generator to “Calibrate.”’ With most built-in 
systems, the beat output is then automatically applied to the 
scope input terminals. Proceed as for usual VHF calibration. 

Evaluation of Results: The harmonic of a calibrated fundamental 
has the same percentage accuracy as for the fundamental. 
Thus, if the fundamental is calibrated to an accuracy of 0.1%, 
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EQUIPMENT CHECKS 


the second, third, fourth, and fifth harmonics also have an 
accuracy of 0.1%. Note, however, that the absolute accuracy 
of harmonic calibration is much less. Thus, if we calibrate a 
100-mc fundamental to an accuracy of 0.1%, the absolute 
accuracy is 0.001 of 100 mc, or 0.1 mc. The third harmonic 
is 300 me. It is calibrated to an absolute accuracy of 0.001 of 
300 mc, or 0.3 mc. Hence, to obtain a usable absolute accu- 
racy of harmonic output, you must try to calibrate the funda- 
mental as carefully as possible. 


et 


Af ph 
fy ES SS eee 2f, 
Percentage of accuracy for funda- 0 
mental and 2nd harmonic frequencies. 
fo 5 
a -2o 
FUNDAMENTAL SECOND HARMONIC 


To Check the Compensation Adjustment of a Low-Capaci- 
tance Probe 


Equipment: Video-frequency sweep generator and wide-band 
(4 mc) oscilloscope. 

Connections Required: Apply video-frequency sweep signal to 
input terminals of the low-capacitance probe. Feed probe 
output to scope vertical-input terminals. 

Procedure: Observe flatness of pattern on scope screen. Adjust 
trimmer in probe to obtain flat response. 

Evaluation of Results: If the wide-band scope does not have flat 
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EQUIPMENT CHECKS 


frequency response, the scope characteristic can be effec- 
tively flattened by suitable adjustment of the probe. How- 
ever, the combination must be used together for valid test 
results—a probe adjusted in this manner cannot be used 
properly with another scope having flat frequency response. 
Likewise, the probe cannot be removed from the scope and 
direct test leads used because the poor scope characteristic 
will then show up in the test results. 


ZERO FREQ. 


3-30MMF 


G 


V 
ae TO VERTICAL 


INPUT TERMINAL 


OF SCOPE 
Typical low-capacitance probe. Poor HF response. More capacitance 
required across series resistor in 
probe. 


To Check the AM Modulation Provided by a Marker Gen- 
erator 


Equipment: Built-in marker generator with AM function, single- 
ended demodulator probe (see U4), and DC oscilloscope. 
Connections Required: Apply generator output to probe. Feed 

probe output to vertical-input terminals of DC scope. 

Procedure: Turn sweep generator off. Turn marker generator on 
and switch function switch to “AM.” 

Evaluation of Results: Observe resting position of scope beam 
with vertical-input terminals shorted. This is the zero-volt 
level. Then remove short and observe sine-wave pattern. 
Pattern rises above zero-volt level. Excursion of sine wave 
gives percentage of modulation. 
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EQUIPMENT CHECKS 


Test setup. 


SINGLE -- ENDED 
DEMODULATOR PROBE 


MODULATING WAVEFORM 


Determining percentage GIVES % 
of modulotionn jo = = Wé-------\-}-----..-___-. MODULATION 


RESTING POSITION 
OF DC SCOPE 


Checking the AM Modulation of a Marker Generator at 
Carrier Frequencies Within the Range of a Wide-Band Oscillo- 
scope 
Equipment Required: Scope flat to 4 or 5 mc. 

Connections Required: Apply modulated RF output from gen- 
erator to vertical-input terminals of scope. 

Procedure: Turn sweep generator off. Turn marker generator 
on. Tune marker generator to a frequency within the scope 
pass band (e.g., generator can be tuned to 4.5 mc if scope is 
flat to 5 mc). 

Evaluation of Results: The complete modulated RF waveform is 
displayed. Both positive and negative modulation envelopes 
appear. Some generators have a poor modulation character- 
istic, such as shown below. 


FM-AM GEN. 


Test setup. 


WIDE-BAND 
SCOPE 
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EQUIPMENT CHECKS 


Modulation waveforms for checking modulation characteristics of a marker 
generator. 


To Calibrate a Marker Generator, Using TV Station Sig- 
nals as Frequency Standards 


Equipment: Two isolating resistors (1,000 to 50,000 ohms), built- 
in or external marker generator, oscilloscope, and TV re- 
ceiver. 

Connections Required: Connect the generator output cable to 
the tuner antenna-input terminals, scope to looker point, and 
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EQUIPMENT CHECKS U12 . 
CONT'D 


lead-in through isolating resistors to tuner-input terminals, 
as described for marking the RF response curve with a TV 
station signal. (See U33.) 

Procedure: Turn marker generator on. Three markers appear 
on the response curve. The marker-generator “bug” moves 
on the curve when the marker dial is turned. The station- 
signal markers remain fixed in place on the curve. When 
the generator marker is tuned to fall exactly upon a station- 
signal marker, an accurate calibration check is obtained. 

Evaluation of Results: Specific picture- and sound-carrier marker 
frequencies can be found in most standard textbooks. An 
occasional spurious marker may occur because of inter- 
harmonic beats from the generator signals—these are dis- 
regarded. 


SOUND CARRIER 


PICTURE 
CARRIER 


GENERATOR 
MARKER 


Normal display. Display with a spurious marker. 


To Calibrate a Marker Generator Against a Crystal Oscil- 
lator 


Equipment: Built-in marker generator, quartz-crystal oscillator- 
modulator, and oscilloscope. 

Connections Required: None. 

Procedure: Switch generator to “Calibrate” position. For the 
type of generator under discussion, the output from the 
calibrating mixer is automatically applied to the scope input 
terminals. Turn the marker dial, watching for beat patterns 
on the scope screen. Adjust scope gain as required. A beat 
pattern appears whenever the marker generator is tuned to 


35 


“ 
x 
1) 
wi 
= 
1°) 
kK 
Z 
w 
= 
oO 
> 
ao 
v8 


Recognition of Interharmonic Beats 


02 ii 002 0'00T« Té s 00°¢h 00°Te 8 6 88'S VPP 
6€ é S6T G16 v T 00°07 * 00°02 L 8 918 8e'P 
61 T O6T« 0°S6« 61 S 00°8€ 00°6T 9 L 88 6c'P 
LE é S8T o'26 ST v OS'LE SL'8T S 9 vE'8« LT Px 
8T T O8T x 0°06 Le € 99°9€x €f'8Tx 6 IT 8T8 60°F 
sé é SLT G18 8T S 00°9€ 00°8T v ~ 00°8« 00°F 
LT T OLTx 0'S8* L é 00°SEx OS’ LT x L 6 BLL 68° 
&& é SOT G8 LT S 00°F 00°LT € v OS’ Lx GLE 
9T T O9Tx 0°08 or € VE Ee LOOT x 8 ze 8e'L v9 
Té é SST GLL €T v OS'cé Se'oT S L vTL Lo'€ 
ST T OST OSL 9T S 00'cE 00°9T L ot 00°L os’ 
62 é SPT Gel 6T 9 99'T€ €8'ST 6 €T c6'9 oF'€ 
vT T OFT 0'0L* € i 00°0€ 00°STx é € LOO eS Ex 
‘uney | “Wey sopoAoRsoyy sapoAoesayy “UIeyyT “WaeYy sapoAoVsoyWW sao Aoesayyy “mde, | “mae sapoAoesoyy sapoAoesayy 
ISO ISO dTUOWIe FT ]e}UsWepuUN,| ISQ) 16) d1UOWMIe FY [e}uawWepunN J SQ ISO DUOWIe PY [e}uUswWepunN,, 
BX ey pug BX “ABA Rue DX eat pug 
> purg q pupg VW pupg 
1 3a1aVl 
‘TeysAr9 


Suryeiqiyeo oul-G eB puke JO}eIaUes JayIeUI e IOJ SedUeNbas jyeaq [edIdA} SMOYS | a[qey, UT UOTJE[NQe} ayy, ‘SuIa}}ed otuOUL 
-rey-otuouLley JaYysty ay} UeY} Jasu0Ijs dre suIayjed DTUOULIeY-dTUOULIeY IaMOT oY, ‘SUIa}}ed Yeaq DTUOUIIeY-dTUOULIeEY 
9y} UeY} JasuoIjs are surayjed Jeaq otuOULIeY-[e}JUsUTeEpUNy ayy, ‘Te}SAID ay} JO [eyUsUTeEpUNJ puke SoTUOULIeY 294} ysUTese 
Suljeoq [eusIS JayIeul ay} Jo soruowIey Aq pasned ‘s}eaq STIUOUIeYIe}UI are assay], ‘[e}SAIO Suljeiqiyes ay} jo soruour 
-1ey UeYy} 19Y4}O SelduUeNnbelj SnoJsuNU je PaAIesqo usa}O ae suIa}jed yeaq ‘s}say UOT}JeEIQI[eD Sulosai1o0j oy} Suryeur usyM 


v JLON 


36 


eee 
SLNIOd NOILVUEITVO YAODNOULS AHL SALVOICNI («) MSIUALSV 


cT Z 00°SLx 0S'LEx 

rad € PE SL 19°9¢ 

L T 00°0L« 00°SEx 

02 € 99°99 S'S 

I zZ 00°S9x 0S'2Ex LT IT PP'ST eL'L 

61 g bE'E9 LO'TE € Z 00°STx OS Ls 

9 T 00°09 00°08 sT 6 PP PT @e'h 

$2 7 OS'LS CL'8Z OT L 8c'bT PTL 

LT € 99°9S €£'8Z L ¢ 00°FIx 00° Lx 

IT rd 00°SSx 0S 12x IT 8 PLE 18'9 

91 g Pees 19°92 i g PE Els 199% 

GZ T 0S» O'SZIx 12 ¥ osc G7'92 6 BD 98°21 €r'9 
t 6h Z cr Cz ¢ t 00'0Sx 00°SZx ¢ v 0S'ZTx C7'9x 
VU 7 T OFZ 0'0ZTx 02 c 00'8r 00°F 9 c 00°2T 00°9 
a LP Zz céz CLIT 61 v 0S LP GL'E2 L 9 99° IT 38'S 
G €% T O€Z* O'STTx 1 € 99'9F x €E°E2% 8 L Pr ITs TL'S 
cP Z G22 ZIT €Z ¢ 00°9F 00°€2 6 8 92° IT 69'S 

= rad T 022* O'OIT« 6 Z 00°Shx 0S' 22x T T 00'0Tx 00°Sx 
w €P 2 GIz ¢' LOT 2 ¢ 00'FF 00°22 IT rat LT6 8S'P 
= 1Z . O12» O'SOT« €I € PE EPx L912 OT Ir 01'6 CSP 
os Iv rd c0z S201 LT v 0S °@h S712 6 OT 00°6 0S'P 
ee 
ao 
Mad 


37 


Eval 


38 


EQUIPMENT CHECKS 


a harmonic of the crystal oscillator. Some generators have 
a 5-me crystal; others have a 2-mc crystal. 

uation of Results: Some generators have a dial corrector. 
Any error in dial indication can be corrected mechanically 
by adjusting the pointer or hairline position of the dial 
mechanism. Other generators have no dial corrector; the 
observed error must be kept in mind or noted on a log 
chart. Remember that the dial error differs at different fre- 
quencies. A 0.25-me error may be found at one end of the 
dial, but a 0.6-mc error might be found in the midrange or 
at the other end of the dial. Hence, calibration must be 
checked in the vicinity of the desired marking frequency. 


entire SES a nae SEPP A etc a, ge 


Visible beating begins. Nearing zero beat. 


Zero beat. 


EQUIPMENT CHECKS 


To Calibrate a Marker Generator Against a Crystal Oscilla- 
tor, When the Generator Does Not Contain an Internal Mixer 
(Modulator) 


Equipment: Built-in marker generator and quartz-crystal oscilla- 
tor, single-ended demodulator probe, and oscilloscope. 
Connections Required: Connect generator output cable to de- 
modulator probe and feed probe output to scope vertical- 

input terminals. 

Procedure: Switch generator to marker and crystal output only. 
Set vertical gain control of scope to maximum. Rotate marker 
dial and watch scope screen for beat patterns. 

Evaluation of Results: Some generators have a dial corrector. 
Any error in dial indication can be corrected mechanically 
by adjusting the pointer or hairline position of the dial mech- 
anism. Other generators have no dial corrector; the observed 
error must be kept in mind or noted on a log chart. Remem- 
ber that the dial error differs at different frequencies. A 0.25- 
me error may be found at one end of the dial, but a 0.6-mc 
error might be found in the mdirange or at the other end 
of the dial. Hence, calibration must be checked in the vicin- 
ity of the desired marking frequency. 


SWEEP AND 

MARKER GEN, 
WITH 

BUILT-IN CRYSTAL 

OSCILLATOR 


Test setup. 


SINGLE-ENDED SCOPE 
DEMOD PROBE 


VERT 


INPUT ——+} 


Typical single-ended demodulator rie 


probe. 


GND GND 


39 


EQUIPMENT CHECKS 


To Calibrate an External Marker Generator Against a Crys- 


tal Oscillator Built into the Sweep Generator, Using an External 
Mixer (Demodulator Probe) 


Equipment: Demodulator probe (see U14) and oscilloscope. 


Connections Required: Usual cable from marker generator to 


sweep generator. Connect sweep-generator output cable to 
demodulator probe and feed probe output to scope vertical- 
input terminals. 


Procedure: Switch generator to “Calibrate” position. For the 


type of generator under discussion, the output from the cal- 
ibrating mixer is automatically applied to the scope input 
terminals. Turn the marker dial, watching for beat patterns 
on the scope screen. Adjust scope gain as required. A beat 
pattern appears whenever the marker generator is tuned to 
a harmonic of the crystal oscillator. Some generators have 
a 5-mce crystal; others have a 2-mc crystal. 


Evaluation of Results: Some generators have a dial corrector. 
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MARKER 
GENERATOR 


Any error in dial indication can be corrected mechanically 
by adjusting the pointer or hairline position of the dial mech- 
anism. Other generators have no dial corrector; the observed 
error must be kept in mind or noted on a log chart. Remem- 
ber that the dial error differs at different frequencies. A 0.25- 
me error may be found at one end of the dial, but a 0.6-mc 
error might be found in the midrange or at the other end 
of the dial. Hence, calibration must be checked in the vicin- 
ity of the desired marking frequency. 


SWEEP 
GENERATOR 

WITH 
BUILT-IN CRYSTAL 


OSCILLATOR Test setup. 


PROBE SCOPE 


AUDIO-AMPLIFIER TESTS 


To Check the Frequency Response of an Audio Amplifier 


Equipment: Audio sweep generator, load resistor, and scope. 

Connections Required: Connect equipment as shown in the fol- 
lowing diagram. 

Procedure: Set amplifier controls for normal operation. Apply an 
input signal below the overload level. Operate generator from 
20 cps to 20 kc. 

Evaluation of Results: As seen in the following photos, the ampli- 
fier response may not be flat although the amplifier controls 
are set for flat response. In such case, change the position of 
the control knobs on the shafts so that a flat frequency re- 
sponse is obtained when the controls are set to the “flat” posi- 
tion. Changes in frequency response caused by advancing the 
bass and/or treble controls are also seen in the photos. The 
scope used in this test need not have wide-band response, but 
should have flat response over the audio range. Since the gen- 


AUDIO SWEEP 
GENERATOR 


AMPLIFIER 


Test setup. 
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AUDIO-AMPLIFIER TESTS 


erator should be swept rather slowly to avoid waveform dis- 
tortion, it is advisable to use a scope that has a DC-coupled 
horizontal amplifier. If the vertical amplifier is also DC- 
coupled, its low-frequency response will have maximum flat- 
ness. These photographs show undemodulated sweep patterns. 
This means that the output from the amplifier under test is 
fed directly into the vertical-input terminals of the scope. This 
method is used for two reasons: First, the vertical amplifier 
of the scope can process the audio Sweep signal directly, be- 
cause the highest frequency in the test is 20 ke. Second, it is 
very difficult to construct a demodulator probe that can 
process an audio sweep signal efficiently. Note also that the 
frequency progression along the horizontal axis is logarithmic. 


Amplifier controls set for flat re- Amplifier controls set for treble boost. 
sponse. 


Amplifier controls set for bass boost. Amplifier controls set for treble boost 
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and bass boost. 


AUDIO-AMPLIFIER TESTS Wi] 


To Check the Frequency Response of the Amplifier in a 
Harmonic-Distortion Meter 


Equipment: Audio sweep generator, harmonic-distortion meter, 
and scope. 

Connections Required: Connect equipment as shown in diagram 
below. 

Procedure: Set the harmonic distortion meter at a selected fre- 
quency, such as 100 cps. Sweep the amplifier. Then, set it at 
another selected frequency, such as 1 kc. Sweep the ampli- 
fier. Repeat the test at higher selected frequencies. 

Evaluation of Results: Typical test patterns are illustrated in the 
following photos. The response should fall to zero at the desig- 
nated frequency, and the response should be reasonably flat 
on either side. Calibration of the harmonic distortion meter 
should agree with the dial reading of the audio generator. 
Note that the audio sweep generator may have a logarithmic 
frequency characteristic. This simply means that the low- 
frequency end of the display progresses slowly, while the 
high-frequency end of the display progresses rapidly. In other 
words, the frequency appears as if it were plotted on a loga- 
rithmic scale. 


AUDIO SWEEP 
GENERATOR 


o HARMONIC 
DISTORTION, 
METER 


Test setup. 
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AUDIO-AMPLIFIER TESTS 


100 CPS. 


Responses at four different meter settings. 


To Check an Audio Output Transformer 


Equipment: Audio Sweep generator, audio output transformer, 
load resistors, scope. 

Connections Required: Connect equipment as shown in the dia- 
gram. The 22K resistor is equal to the normal plate resistance 
of the output tube. The 8-ohm resistor is equal to the normal 
speaker resistance. 

Procedure: Sweep the transformer from 20 cycles to 20 ke. 

Evaluation of Results: A good-quality transformer will have a flat 
response over the audio-frequency range. The photo was 
made using a small output transformer that has attenuated 
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AUDIO-AMPLIFIER TESTS 


low-frequency response and rising response at high frequen- 
cies. There is nothing that can be done about poor low-fre- 
quency response since this depends on the inductance of the 
primary. The high-frequency response can sometimes be im- 
proved by shunting capacitance across one or both of the 
windings. Shunt capacitance tends to reduce the output at 
high frequencies. 


AUDIO SWEEP 
GENERATOR 


OUTPUT 
TRANSFORMER 


Test setup. 


Transformer response. 


To Check an Audio Output Transformer Driven From a 
Cathode Follower 


Equipment: Audio sweep generator, audio output transformer, 
load resistors, scope. 

Connections Required: Connect equipment as shown in the fol- 
lowing diagram. 
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AUDIO-AMPLIFIER TESTS 


Procedure: Sweep the transformer from 20 eps to 20 ke. 

Evaluation of Results: A good-quality audio output transformer 
will have a flat response from 20 cps to 20 ke. Note that the 
20-ohm resistor operates as the normal source resistance of a 
cathode follower, and the 8-ohm resistor operates as the nor- 
mal speaker resistance. In the photo illustrated the trans- 
former has some rising response over the mid-band region. 
There is no practical remedy for this type of rising response. 


AUDIO SWEEP 
GENERATOR 


TRANSFORMER 


Test setup. 


Scope pattern. 


To Check the Response of an Interstage Audio Transformer 


Equipment: Audio sweep generator, interstage audio transformer, 
load resistors, scope. 

Connections Required: Connect equipment as shown in the fol- 
lowing diagram. 
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AUDIO-AMPLIFIER TESTS 


Procedure: Sweep the transformer from 20 cps to 20 kc. 

Evaluation of Results: A good-quality transformer will have a flat 
frequency response over the audio range. Note that the 10K 
resistor operates as the normal plate resistance of the driver 
stage. The secondary is normally unloaded, as it is connected 
to the grid of the following stage in an amplifier. However, if 
the frequency response is poor, you can often improve it by 
loading the secondary with a suitable value of shunt resis- 
tance. In the example shown, a 33K load provided maximum 
flatness. However, the low-frequency response leaves quite a 
bit to be desired. The low-frequency response is difficult to 
correct because it results from too little inductance in the 
primary winding. 


AUDIO SWEEP 
GENERATOR 


TRANSFORMER 


Test setup—unloaded secondary. 


AUDIO SWEEP 
GENERATOR 


Test setup—loaded secondary. 
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AUDIO-AMPLIFIER TESTS 


Pattern—unloaded secondary. Pattern—loaded secondary. 


To Check the Frequency Response of a Volume Control 


Equipment: Audio sweep generator, volume control, scope. 

Connections Required: Connect equipment as shown in the fol- 
lowing diagram. 

Procedure: Set the volume control for about 30% of maximum 
output, and sweep from 20 eps to 20 kc. 

Evaluation of Results: If the volume control has a high resistance, 
it is probable that the high audio frequencies will be attenu- 
ated, as seen in the following photo. In this test the volume 
control has a resistance of 4 megohms. High frequencies be- 
come attenuated because of the shunting effect of stray capaci- 
tances. It is advisable to repeat the sweep test at other settings 
of the volume control, because the response will vary con- 
siderably as the RC time constants of the control are changed. 
The only way to obtain improved frequency response it to use 
a volume control that has lower resistance. This makes the 
time constants shorter, and the stray capacitances have less 
bypassing action at high frequencies. 
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AUDIO SWEEP 


GENERATOR VOLUME 


CONTROL 


Test setup. 


Frequency response. 


To Check the Frequency Response of an RC Coupling 
Circuit 


Equipment: Audio sweep generator, RC coupling unit, scope. 

Connections Required: Connect equipment as shown in the fol- 
lowing diagram. 

Procedure: Sweep the coupling circuit from 20 cps to 20 kc, and 
observe the response on the scope screen. 

Evaluation of Results: The response at low frequencies (see 
photo) depends on the time constant of the coupling circuit. 
Longer time constants give better low-frequency response. 
Note that the high-frequency response drops off somewhat 
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AUDIO-AMPLIFIER TESTS 


at high frequencies in the illustrated photo. This is caused by 
two factors: First, the input capacitance of the scope is 
shunted across the 50K resistor; this has a slight bypassing 
action at high frequencies. Second, the output from the audio 
Sweep generator is not perfectly flat, tending to drop off 
slightly at high frequencies. Note also the universal fre- 
quency-response chart for RC coupling circuits. This is a 
universal chart because the vertical axis is calibrated in per- 
centage of maximum output voltage, and the horizontal axis 
is calibrated in f2xRC units, where f is the frequency in cy- 
cles per second, pi is 3.1416, R is in ohms, and C is in farads. 
This chart accordingly shows the output waveform for any 
RC coupling circuit. 


AUDIO SWEEP 
GENERATOR 


Test setup. 


Frequency response. 


AUDIO-AMPLIFIER TESTS 


SINE OUTPUT 
WAVE VOLTAGE 
| GENERATOR 


PERCENT OF MAXIMUM OUTPUT VOLTAGE 


f2m RC UNITS 


Universal frequency-response chart for RC coupling circuit. 


To Check the Frequency Response of a Bass-Boost Circuit 


Equipment: Audio sweep generator, bass-boost (integrator) unit, 
scope. 

Connections Required: Connect equipment as shown in the fol- 
lowing diagram. 

Procedure: Sweep the bass-boost circuit from 20 cps to 20 ke, and 
observe the pattern on the scope screen. 
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Evaluation of Results: The amount of high-frequency attenuation 
depends on the time constant of the bass-boost circuit. Note 
the universal frequency-response chart for RC integrator 
circuits. The vertical axis is calibrated in percentage of maxi- 
mum output; the horizontal axis is calibrated in f2zRC units. 
The chart has a linear horizontal axis. If you use an audio 
Sweep generator that has a logarithmic sweep, the low-fre- 
quency region of the waveform will be expanded, and the 
high-frequency region will be compressed. In turn, care must 
be taken to properly identify individual frequencies in the 
scope pattern. 


AUDIO 
wile Serpe Ml od be ate SCOPE 
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> GENERATOR © PUN iia! S Bi O 
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Test setup. 


Scope pattern. 
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AUDIO-AMPLIFIER TESTS 


SINE C OUTPUT 
WAVE VOLTAGE 
GENERATOR 


PERCENT OF MAXIMUM OUTPUT VOLTAGE 


f2mRC UNITS 


Universal frequency-response chart for RC integrator circuit. 


To Check the Frequency Response of a Push-Pull Audio 
Amplifier 


Equipment: Audio sweep generator with push-pull output, ampli- 
fier to be tested having push-pull input, load resistor, scope. 

Connections Required: Connect equipment as shown in the fol- 
lowing diagram. 
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AUDIO-AMPLIFIER TESTS 


Procedure: Sweep the amplifier from 20 cps to 20 ke, and observe 
the resulting pattern on the scope screen. 

Evaluation of Results: The pattern is evaluated in the same man- 
ner as when sweeping a single-ended audio amplifier. If the 
push-pull amplifier has bass and treble controls, these should 
be set for flat response in the initial test. Later the frequency 
response can be checked with the bass and treble controls set 
for treble cut, treble boost, bass cut, and bass boost. Note the 
diagram of the audio sweep generator. The output is supplied 
through a bridged-T attenuator, which has two terminals 
above ground. The output voltages from these terminals are 
180° out of phase. A bridged-T attenuator has the advantage 
that it maintains a constant source impedance (600 ohms in 
this example) at all settings of the attenuator. 


AUDIO 
SWEEP 


PUSH-PULL © 


GENERATOR AMPLIFIER o 


Test setup. 


Frequency response. 
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Courtesy Hewlett-Packard Co. 


Diagram of an audio sweep generator. 
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RF TESTS 


To Obtain the Response Curve of a TV Booster 


Equipment: 300-ohm resistor, double-ended demodulator probe, 
and oscilloscope. 

Connections Required: Drive booster with swept output from RF 
generator. Terminate booster output terminals with a 300- 
ohm composition resistor. Connect input of probe across ter- 
minating resistor. Feed probe output to vertical-input termi- 
nals of scope. 

Procedure: Sweep booster on channel to which it is tuned. 

Evaluation of Results: Booster should have as good a response 
as an average RF tuner. Some boosters have narrow band- 
width or distorted response. This impairs picture quality. 


DEMODULATOR 
PROBE 


RF 
SWEEP 
GENERATOR 


BOOSTER 
oO IN OUT 


Test setup. 
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RF TESTS 


Good frequency response. Poor frequency response. 


To Measure the Gain of a TV Booster 


Equipment: 300-ohm resistor, double-ended demodulator probe, 
and oscilloscope. 

Connections Required: Drive booster with swept output from RF 
generator. Terminate booster output terminals with a 300- 
ohm composition resistor. Connect input of probe across ter- 
minating resistor. Feed probe output to vertical-input termi- 
nals of scope. 

Procedure: Sweep booster on channel to which it is tuned. Make 
first test by applying demodulator probe across input termi- 
nals of booster. Note pattern height. Then apply probe across 
output terminals of booster. Note increase in pattern height. 

Evaluation of Results: The number of times the pattern increases 
in height from input to output gives the gain of the booster. 
A booster usually has more gain on some channels than on 
other channels. 


Input and output patterns showing a 
booster gain of nearly 8 times (peak 
gain). 
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RF-TESTS 


To Obtain the Response Curve of an RF Tuner 


Equipment: Isolating resistor or resistive isolating probe, DC bias 
box, and oscilloscope. 

Connections Required: Output cable from sweep generator is 
connected to antenna-input terminals of tuner. Some sweep- 
output cables provide a ground lead, in addition to the two 
RF signal leads. In such cases, connect ground lead to chas- 
sis. If the RF tuner has a transformerless power supply, use 
a line-isolating transformer. Connect negative lead from DC 
bias box to the RF AGC bus. Connect positive lead from bias 
box to chassis. If scope does not have internal 60-cycle phas- 
able sine-wave deflection voltage, run cable from the sweep- 
generator deflection-voltage connector to the horizontal-input 
terminals of the scope. Connect probe or isolating resistor 
to the looker point on the tuner, and feed the looker-point 
signal to the vertical-input terminals of scope. Ground the 
scope to the receiver chassis. Use about —1.5 volts output 
from the bias box. 

Procedure: Operate sweep generator on full sweep width (10 or 
15 mc). Tune sweep-generator center frequency to channel 
under test. Use maximum output from generator at outset. 
Adjust scope for full vertical gain. Set scope controls for 
60-cycle, sine-wave deflection. Do not use blanking function 
of sweep generator at outset. Phase trace and retrace to- 
gether. Then blank the retrace. Adjust generator output and 
scope gain controls to obtain a pattern about %4 of full-screen 
height and width. Consult receiver service data for tuner 
alignment procedure. 

Evaluation of Results: Curve should remain stable and not change 
shape when the generator controls, scope controls, or test 
cables are touched. 


LOOKER POINT 
RF 


SWEEP 


GENERATOR 


1.5V 


{ BATTERY Test setup. 


wt OR BIAS BOX 


Bias connection. 
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RF TESTS 


Typical RF response curve. 


RF AMP tas 
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240-260 


Schematic diagram of typical RF tuner showing antenna input terminals AA, 
AGC bus, and looker point. 


NOTE 5 


To Avoid “Stub” Distortion of Response Curve 
When Sweeping an RF Tuner 


To avoid “stub” distortion, connect tuner terminals, leaving the 300-ohm 
the output of the sweep generator lead dangling, it acts as an open stub 
to the antenna terminals, not to the and will distort the response curve 
tuner terminals, as shown below. If on some of the channels. 

the generator is connected to the 
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SWEEP 
GENERATOR 
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LEAD IN 
ee O RF TUNER 


RIGHT 


Generator connected to 300-ohm lead. 


SWEEP 
GENERATOR 


pO RF TUNER 


=7- LEAD IN 
C 9€ 
) ACTS AS RF STUB 


WRONG 


Generator connected to tuner ter- 


NOTE 6 


To Eliminate Vertical-Sweep Interference 
from an RF Curve Display 


Vertical-sweep interference or cross 
talk may be eliminated by removing 
the vertical-output tube. In series- 
string receivers, a dummy tube is 


Waveform showing vertical 


interference. 


sweep 


required to maintain heater conti- 
nuity—cut all but the heater pins 
off the base to make a dummy tube. 


SWEEP PULSE 


NOTE 7 


To Eliminate Horizontal-Sweep Interference 
From an RF Curve Display 


Horizontal-sweep interference or 
cross talk may be eliminated by re- 
moving the horizontal-output tube. 
In series-string receivers, a dummy 
tube is required to maintain heater 
continuity—cut all but the heater 
pins off the base to make a dummy 


tube.. Note also that if the low- 
voltage power supply has poor regu- 
lation, the B+ voltage may rise ob- 
jectionably. In such cases, shunt a 
suitable wire-wound power resistor 
across the B+ line to bring the B+ 
voltage to normal value. 
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HORIZONTAL 
SWEEP 


INTERFERENCE 


RF TESTS 


Waveform showing horizontal sweep 
interference. 


NOTE 8 


To Obtain Suitable Phasing of 60-Cycle, Sine-Wave 
Deflection Voltage From Older Types of Sweep Generators 


The following illustration shows the 
connections necessary to obtain the 
proper phasing. In (2), a fixed ca- 
pacitor is shunted across the hori- 
zontal-input terminals of the scope, 
and a 60-cycle, sine-wave voltage is 
fed to the capacitor through the po- 
tentiometer. In (1), the potentiom- 
eter is shunted across the horizontal- 
input terminals of the scope, and a 


SWEEP H 
GENERATOR o 
Go 

(1) 


60-cycle, sine-wave voltage is fed to 
the potentiometer through the ca- 
pacitor. The potentiometer is ad- 
justed to obtain layover of trace and 
retrace. In case layover cannot be 
obtained with the (1) connections, 
use the (2) connections. Also, vary 
value of capacitor to bring phase 
into proper range. 


Test setup. 


Out-of-phase display. 
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In-phase display. 


RF TESTS 


Large phasing errors; horizontal de- Lesser phasing error; retrace un- 
flection voltage, retrace unblanked. blanked. 


Retrace eliminated by use of zero- 
No phasing error; phase correct; re- volt reference line function in sweep 
trace unblanked. generator. 


Large phasing error; retrace elimi- 
nated. 


Recognition of horizontal 


phasing errors. 


To Determine Whether Input Impedance of RF Tuner is 
300 Ohms or Some Other Value 


Equipment: Delay line, double-ended demodulator probe, and 
oscilloscope. 
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RF TESTS 


Connections Required: Drive RF tuner from sweep generator 
through the delay line. (A delay line is a section of 300-ohm 
lead-in about five feet long.) Connect demodulator probe at 
input end of delay line. Output from probe is fed to vertical- 
input terminals of scope. 

Procedure: Tune sweep generator and RF tuner to the same 
channel. Test at 100-mc sweep width. 

Evaluation of Results: Scope should show flat response (or gen- 
erator characteristic) on any swept channel. If it does not, 
the input impedance of the RF tuner is not 300 ohms. Note 
that the tuner input impedance may vary with the AGC 
bias on the RF amplifier tube. Use override AGC bias to 
check such variation. 


Some RF sweep generators have a mixed output, while others 
have a pure output. This type of test must be made with a pure 
output because the input impedance of an RF tuner is not 300 
ohms for frequencies other than the channel under test. That is, 
a tuner can have 300 ohms input impedance on channel 5, but 
will have a much higher or lower input impedance when driven 
by channel 2 or channel 9 sweep signals. 


RF 
SWEEP 
GENERATOR 


5 FT. OF 
3009 LINE 


DEMODULATOR 
PROBE Test setup. 


300-ohm input impedance. Other than 300-ohm input impedance. 
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To Determine Whether Input Impedance of an RF Tuner 
is 300 Ohms or Some Other Value When Sweep Generator has 
a Mixed Output 


Equipment: Two delay lines (5-foot and 8-foot), oscilloscope, and 
50,000-ohm isolating resistor. 

Connections Required: Connect scope through isolating resistor 
to looker point on tuner. (See U27.) Drive tuner through 
delay line from sweep generator. 

Procedure: Note shape and height of RF response curve when 
the RF tuner is driven through a 5-foot delay line. Next, 
note shape and height of curve when the RF tuner is driven 
through an 8-foot delay line. 

Evaluation of Results: The false indications that would be caused 
by mixed output from the sweep generator are eliminated 
by connecting the scope at the looker point and using re- 
sponse curves for evaluation. The tuned circuits eliminate 
the effect of the unwanted sweep frequencies. If the tuner 
has 300 ohms input impedance, the same shape and height 
are observed in the curves for any length of delay line. 


RF : DELAY LINE 
SWEEP aes 


GENERATOR 


ALTERNATE DELAY LINE 


Test setup. 


Curve change shows lack of 300-ohm input impedance at tuner. 
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To Place a Beat Marker on an RF Response Curve 


Equipment: Built-in marker generator covering the VHF chan- 
nels and oscilloscope. 

Connections Required: None. 

Procedure: Turn on the marker generator, and tune to the 
picture-carrier (or other desired frequency) of channel un- 
der test. Adjust marker attenuator for normal size marker 
on response curve. 

Evaluation of Results: The marker frequency is not necessarily 
accurate unless the marker generator is first calibrated 
against a quartz-crystal oscillator. (See U13.) 


Beat marker on RF response curve. 


PICTURE CARRIER 


To Display a Blanking (Intensity-Modulation) Marker on 
an RF Response Curve 


Equipment: Built-in blanking-marker generator covering the 
VHF channels and oscilloscope. 

Connections Required: Output cable from blanking-marker con- 
nector (on generator panel) to intensity-modulation termi- 
nals of scope. 

Procedure: Display RF response curve as previously described. 
Switch marker function on. Tune marker generator to de- 
sired marker frequency. Adjust marker-intensity control for 
satisfactory display. 

Evaluation of Results: The marker frequency is not necessarily 
accurate unless the generator is first calibrated against a 
quartz-crystal oscillator. (See U13.) 
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How a blanking (I-M) marker appears I-M MARKER 
on a typical RF response curve. 
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To Display Picture-Carrier and Sound-Carrier Markers Si- 
multaneously on an RF Response Curve 


Equipment: Built-in marker generator with 4.5-mc sideband os- 

cillator modulator. 

Connections Required: None. 

Procedure: Display the RF response curve on the scope screen. 
Turn marker generator and sideband oscillator on. Tune 
marker-generator dial to the picture-carrier frequency. A 
second marker appears automatically at the sound-carrier 
point on the curve. 

Evaluation of Results: The two markers are always separated 
exactly 4.5 mc from each other. However, the marker fre- 
quencies are not necessarily accurate unless the marker 
generator is first calibrated against a quartz-crystal oscil- 
lator. (See U13.) 


PICTURE CARRIER 
Fre 


Curve with markers at both picture- 
carrier and sound-carrier points. 


SOUND CARRIER 


RF TESTS 


To Use a TV Station Signal for Displaying Picture-Carrier 
and Sound-Carrier Markers on an RF Response Curve 


Equipment: Sweep generator, two isolating resistors (1,000 to 
50,000 ohms) and oscilloscope. 

Connections Required: Connect an isolating resistor on each side 
of the lead-in to feed the antenna signal to the input termi- 
nals of the tuner. Suitable values of resistors must be se- 
lected to obtain normal-size markers. 

Procedure: Use a good outdoor antenna so that ample marking 
voltage is obtained. Marking can be accomplished, of course, 
only on active channels. 

Evaluation of Results: Station-signal markers are extremely ac- 
curate. Note that in case the station signal is weak, you may 
have to use low values of isolating resistors to obtain normal- 
size markers. Low values of resistors can cause distortion of 
the response curve. To check this possibility, first note the 
marking points. Then disconnect the isolating resistors from 
the tuner terminals to see if the curve changes shape. 


TO ANTENNA 


SWEEP Test setup. 
GENERATOR O 


To Adjust the Local-Oscillator Frequency of an RF Tuner 


Equipment: Built-in or external marker generator, crystal cali- 
brator, and oscilloscope. 

Connections Required: Preliminary connection of demodulator 
to generator output cable and scope vertical-input terminals 
(if generator does not have a built-in mixer). 

Procedure: Turn off the sweep generator. Use test setup as for 
RF alignment. (See U27.) Calibrated marker-generator sig- 
nal (at local-oscillator frequency) is applied to the tuner 
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er CONT'D 


input terminals. Advance vertical gain of scope to maximum. 
Adjust local-oscillator slug and watch scope screen for beat 
pattern. Tune to zero beat. At zero beat, the pattern sud- 
denly collapses to a horizontal line and will “pop up” into 
a beat pattern if the oscillator slug is-then turned slightly 
in either direction. 

Evaluation of Results: Accurate adjustment depends not only 
upon calibration of the marker generator, but also upon 
knowledge of the correct local-oscillator frequency. Most 
oscillators operate on the high side of the RF channel. The 
local-oscillator frequency in such cases is the sum of the 
RF picture-carrier frequency plus the IF picture-carrier 
frequency. 


Location of oscillator slug on tuner. 


69 


RF TESTS 


Waveforms showing zero beat adjustment of local oscillator. 


To Check for Mixer Regeneration 


Equipment: 50,000-ohm isolating resistor, AGC override bias 
box, and oscilloscope. 

Connections Required: Apply output from IF sweep generator 
to a floating tube shield over mixer tube (a floating tube 
shield is a shield lifted clear of the chassis). Connect output 
from bias box to IF AGC line. Connect scope through 50-K 
isolating resistor across picture-detector load resistor. 

Procedure: With IF curve displayed on scope screen, rotate 
channel selector through its positions from channel 2 to 
channel 13. 

Evaluation of Results: IF curve should remain reasonably con- 
stant in shape. Large changes in shape, particularly in switch- 
ing from channel 2 to channel 13, show that the RF grid 
circuit and the IF plate circuit of the mixer are reacting as 
a tuned-plate, tuned-grid (TPTG) regenerative circuit. 


The local oscillator is disabled, in this test, as for usual IF 
alignment. 


—— FOR CHANNEL 2 


seek S ixer regeneration causes a 
CHANNEL 13 evere mixe generatio 


change in IF curve shape as shown, 
when channel selector is switched 
from 2 to 13. 
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RF TESTS 


To Check UHF Converter Response, Using a VHF Sweep 
Generator 


Equipment: Oscilloscope and 50,000-ohm isolating resistor. 
Connections Required: Connect scope through isolating resistor 
to output of picture detector. Apply output from VHF sweep 
generator to antenna-input terminals of the UHF converter. 
Procedure: Set tuning dial of sweep generator to drive converter 
with suitable harmonic of the RF sweep output. Reduce 
sweep width as required to obtain normal display of curve. 
Evaluation of Results: The response curve should have the same 
shape and bandwidth as the IF response curve of the receiver. 
Narrow bandwidth indicates incorrect alignment of the con- 
verter. Note that station signals can be used as markers, 


O 
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VHF 
SWEEP 
GENERATOR 


UHF 
CONVERTER 


50K 


IF 
AMPLIFIER 


Test setup. 


PICTURE 
RF TUNER DETECTOR 


Over-all response when UHF conver- 
Response of receiver, without UHF ter is included and converter has too 
converter. narrow bandwidth. 


To Check UHF Tuner Response, Using a VHF Sweep Gen- 
erator 


Equipment: Oscilloscope and 50,000-ohm isolating resistor. 
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RF TESTS 


Connections Required: Connect scope through isolating resistor 
to output of picture detector. Apply output from sweep gen- 
erator to antenna input terminals of UHF tuner. 

Procedure: Set tuning dial of sweep generator to drive converter 
with suitable harmonic of the RF sweep output. Reduce 
sweep width as required to obtain normal display of curve. 

Evaluation of Results: The response curve should have the same 
shape and bandwidth as the IF response curve of the receiver. 
Narrow bandwidth indicates incorrect alignment of the con- 
verter. Station signals can be used as markers, as discussed 
in U33. Note, however, that spurious markers appear more 
often on the response curve when a UHF tuner strip instead 
of a UHF converter is used. 


When using a VHF sweep generator to make tests of UHF 
circuits, the scope must usually be connected at the output of 
the picture detector to obtain the gain of the IF amplifier. This is 
because the UHF harmonics of a VHF sweep generator are rela- 
tively weak compared with the output from a UHF generator 
operating on fundamentals. 

The sweep width of a harmonic sweep output is greater than 
the sweep width of the fundamental output. For example, if the 
sweep-width control is set for 6-mc sweep width at 20 mc, you 
will find that the width of the 40-mc, second-harmonic output 
is 12 mc. The sweep width of the 100-mc output will be 30 mc, 
etc. Thus, if we use the third harmonic to sweep a UHF cir- 
cuit, the generator sweep-width control must be advanced only 
one-third as high to obtain the same pattern width at when 
operating on fundamental output. As shown in the following 
waveforms, when the generator is set for a given sweep width, 
the curve appears much narrower when harmonic output in- 
stead of fundamental output is used. 


VHF 
SWEEP 
GENERATOR 


IF PICTURE 
AMPLIFIER DETECTOR 


Test setup. 
rie 


RF TESTS 


Same response curve, receiver driven 

from sweep generator harmonic out- 
Response curve, receiver driven from put. Sweep-width of fundamental out- 
sweep-generator fundamental output. put is the same. 


To Obtain the Frequency Response Curve of a UHF Con- 
verter, Using a UHF Sweep Generator 


Equipment: UHF demodulator probe and oscilloscope. 

Connections Required: Apply output from UHF sweep generator 
to antenna-input terminals of the converter. Connect demod- 
ulator probe at converter-output terminals. Feed probe out- 
put to vertical-input terminals of scope. 

Procedure: Tune UHF sweep generator and converter to the 
same channel. Procedure is the same as previously described 
for obtaining RF response curves. (See U27.) 

Evaluation of Results: The special demodulator probe shown be- 
low should be used to obtain an undistorted response curve. 
The diodes are of the UHF type and are tapped down on 
the 300-ohm load to reduce their capacitive-shunting effect. 
The UHF generator should have fundamental output for this 
test—use of harmonic output from a conventional VHF gen- 
erator results in unsatisfactory vertical deflection in most 
cases. A UHF converter should be adjusted to have the same 
bandwidth as an RF tuner. See service manual for locations 
of converter adjustments. Note that many UHF sweep gen- 
erators have built-in markers. The marker generator is used 
in the same manner as a VHF marker generator. 
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RF TESTS 


DOUBLE END 


Test setup. 
GENERATOR 


PROBE INPUT 


Circuit for double-ended UHF demodulator probe. 


Typical converter response curve. 


NOTE 9 


To Check the Compensation Adjustment of a Low-Capacitance Probe 


Both VHF and UHF sweep genera- __in the photo below. There is no easy 
tors occasionally show spurious out- method of eliminating the spurious 
puts on a probe test of flatness. The output, and it must be disregarded 
spurious output can appear as a_ in practical test work. 

marker on the swept trace, as shown 


UHF 
Sete eel S| 
GENERATOR 


Test setup. 
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RF TESTS 


Spurious output appears as a marker. 


To Obtain UHF TV Station-Signal Markers on a Converter 
Response Curve at the Picture-Carrier and Sound-Carrier Points 


Equipment: Two composition resistors (1,000 to 50,000 ohms). 
Connections Required: Connect resistors at antenna-input ter- 
minals of converter. Connect UHF lead-in to resistors. 
Procedure: Select suitable resistor values to obtain normal-sized 

markers on the response curve. 

Evaluation of Results: If small values of resistors are necessary, 
the response curve becomes distorted in shape. In such case, 
first note positions of markers, and then disconnect resistors 
from converter input terminals to obtain undistorted curve. 


TO UHF ANTENNA 


UHF 


eS ee ene 


SWEEP 
GENERATOR 


Test setup. 
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IF TESTS 


To Obtain an IF Response Curve 


Equipment: 50,000-ohm isolating resistor, AGC override bias 
box, and oscilloscope. 

Connections Required: Apply output from IF sweep generator to 
a floating tube shield over mixer tube (a floating tube shield 
is a shield lifted clear of the chassis). Connect output from 
bias box to IF AGC line, as previously explained for RF 
tuner alignment. Connect scope through 50-K isolating re- 
sistor across picture-detector load resistor. 

Procedure: Tune sweep generator to center frequency of IF pass- 
band. Use about 6-mc sweep width. Generator and scope 
controls are set in the same manner as for RF alignment. 
Disable local-oscillator tube by any suitable means, such as 
cutting off grid (or plate) pin from oscillator section of the 
oscillator-mixer tube. 

Evaluation of Results: Curve should be stable. If you cannot 
touch instrument controls or cables without changing curve 
shape, use grounding plate as previously described in the 
introduction. If curve is still unstable, look for regeneration 
in the IF amplifier. Interference on the curve can be caused 
by cross talk from the horizontal or vertical sweep circuits, 
as previously explained in Notes 6 and 7. 


A residual vertical syne pulse can be seen in the pattern. This 
occurs when the shop is located near a TV station. Sometimes it 


rH 


iF «ATES 


can occur at greater distances if the signal is appreciable on the 
power-line system. Use a line filter to eliminate, and ground the 
TV chassis to water pipe, if necessary. If a transformerless re- 
ceiver is under test, it is necessary to use a line-isolating trans- 
former, NOT an autotransformer. 


FLOATING TUBE 
SHIELD 


OUTPUT CABLE SS 
=} __-f MIXER TUBE 


PICTURE DETECTOR 


LOAD 
RESISTOR 


Connection to floating tube 
shield. 
an 
feces, Petes ee eee 
TO SCOPE 


Scope connection to output of picture detector. 


Typical IF response curve. 


NOTE 10 
Phasing 


When the sweep generator has no 
phasable 60-cycle deflecting voltage 
output (and if the scope also lacks 
this facility), the response curve 
must be displayed on 60-cycle saw- 
tooth deflection voltage. No base line 


WV 
CHASSIS 
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then appears in the pattern, and the 
curve itself is displayed twice in 
mirror-image form. The waveforms 
shown in the following display 
these characteristics. 


Test setup. 


Le TESTS 


60-cycle sawtooth deflection. 20-cycle sawtooth deflection. 


Horizontal gain advanced, 60-cycle 
120-cycle sawtooth deflection. sawtooth deflection (desired display). 


NOTE 11 


Horizontal Sweep Interference 


When the horizontal sweep circuit zontal-output tube. Heater continu- 
interferes with an IF curve display, ity may need to be maintained in 
it appears as shown below. To elim- _ series-string receivers. 

inate the interference, pull the hori- 


Horizontal sweep interference on re- 
sponse curve. 


IF TESTS 


To Obtain the Response Curve of a Single IF Stage 


Equipment: Low-impedance demodulator probe and oscilloscope. 

Connections Required: If sweep-output cable does not have a 
blocking capacitor, insert a 0.01-mfd capacitor in series with 
the “hot” generator lead. Apply IF sweep signal to the grid 
of the tube preceding the tuned circuits under test. Con- 
nect low-Z demodulator probe to plate of tube following. 
This “swamps out” the resonant response of the plate cir- 
cuit and reduces the gain of the following tube to approxi- 
mately unity. Feed output from probe to vertical-input ter- 
minals of scope. 

Evaluation of Results: In some few cases, individual IF stage 
responses are given in the receiver notes. In any case, the 
stage should show considerable bandwidth. Narrow band- 
width indicates circuit faults or stage regeneration. No re- 
sponse shows a fault causing a dead stage. Gain of stage 
can be checked as described in U42. 


IF SWEEP 
AND MARKER 


GENERATOR 


3 Test setup. 


PROBE —¥ ee ° 


TIP 210 MMF 5 10 score 


Circuit of a low-Z probe. 
GND 


Typical single-stage IF response curve. 


iF TESTS 


To Measure the Gain of an IF Stage 


Equipment: Low-impedance demodulator probe and oscilloscope. 

Connections Required: If sweep-output cable does not have a 
blocking capacitor, insert a 0.01-mfd capacitor in series with 
the “hot” generator lead. Apply IF sweep signal to the grid 
of the tube preceding the tuned circuits under test. Connect 
low-Z demodulator probe to plate of tube following. This 
“swamps out” the resonant response of the plate circuit and 
reduces the gain of the following tube to approximately 
unity. Feed output from probe to vertical-input terminals 
of scope. 

Procedure: First apply probe at input (at sweep-generator output 
termination), and then at plate of stage following. 

Evaluation of Results: The ratio of vertical deflections observed 
in the two tests gives the approximate gain of the stage. The 
measurement is in error by the amount the low-Z probe 
fails to reduce the tube gain to unity. This can be disregarded 
in practical work. 


First test. Second test. Gain = approx. 20. 


To Obtain a Highly Accurate Measurement of Stage Gain 


Equipment: 50,000-ohm isolating resistor and oscilloscope. 

Connections Required: Connect scope through isolating resistor 
across picture-detector load. Apply 75-ohm terminated 
sweep-output cable successively to IF grids. Use 0.01-mfd 
blocking capacitor in series with “hot” lead of generator. 
Use override AGC bias. 
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IF TESTS 


Procedure: Observe vertical deflections as signal-injection point 
is moved from one grid to preceding grid. 

Evaluation of Results: The ratio of deflections gives the stage 
gain at any point in the amplifier strip. 


Do not use overloading output from sweep generator. 


Test setup. 


NOTE 12 


Scope Overloading 


Scopes have step and vernier gain 
controls. Some can be badly over- 
loaded by incorrect control settings. 
The rule is to operate the vernier 
control on the upper portion of its 
range and then to set the step at- 
tenuator to obtain about the desired 
height of pattern. The vernier con- 
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trol can then be used for final ad- 
justment of pattern height. The photo 
below shows how the top of the 
curve is clipped when the step at- 
tenuator in such scopes is set high 
and the vernier control is set to a 
low position. 


Indication of scope overloading. 


IF TESTS 


To Peak Align Stagger-Tuned Stages of an IF Amplifier, 
Using the Over-all IF Response Curve 


Equipment: 50,000-ohm isolating resistor, AGC override bias box, 
and oscilloscope. 

Procedure: Set marker generator to peaking frequency, as 
specified in receiver service notes. Then turn slug in coil 
until marker rises to a maximum height on the scope 
screen and starts to fall. Leave at maximum. Disregard 
shape of response curve. Repeat procedure for each IF 
stage. 

Evaluations of Results: The response curve is an instantaneous 
voltage-frequency indicator. The marker is at the desired 
peaking frequency. Hence, when marker is highest above 
zero-volt base line, the stage is peaked. 


Response curves are always obtained by connecting the scope 
at the output of the picture detector—NOT at the input. Begin- 
ners sometimes make this mistake and obtain highly distorted 
curves as a result. Connection of the scope cable to the picture- 
detector input badly detunes the last IF stage and often causes 
oscillation or regeneration. Rectification takes place because of 
overloading of the scope input circuit (when operated at high 
gain). Hence a curve is obtained, although badly distorted. 


MARKER AT 


PICTURE 
DETECTOR 


O 
RIGHT | .y 


Tune stage to maximum H. Correct connection of oscilloscope. 


Waveform at picture-detector output. Waveform at picture detector input. 
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iF,.TESTS 


To Obtain a Sharp Marker Without Stub Distortion 


Equipment: Alignment instruments. 

Connections Required: 50,000-ohm isolating resistor. 

Procedure: Connect output from picture detector to isolating 
resistor and feed output from resistor to scope. Do not use a 
directly-connected cable followed by a shunt capacitor at 
the scope-input terminals to sharpen the marker. 

Evaluation of Results: Some receivers, particularly those using 
40-mc IF, sometimes display a distorted response curve with 
the direct cable connection. This is caused by stub action, 
which reflects reactance back into the last IF stage via the 
stray and interelectrode capacitance of the picture detector. 


PICTURE 
DETECTOR 


CABLE 10 


RIGHT 


“3-47, SCORE 


PICTURE 
DETECTOR 


Right and wrong way of connecting scope to picture detec-or output. 


NOTE 13 


To Facilitate Trap Tuning In IF Strips 
Having More Than One Sound Trap 


Some receivers (particularly color 
receivers and old-style, split-sound 
receivers) have more than one sound 
trap. Unless a bypass marker injec- 
tor is used, it is often rather difficult 
to see a marker in, or in the vicinity 
of, a multiple trap dip. Hence, it is 
sometimes helpful to short out all 
but one of the sound traps with clip 
leads. Then the unshorted trap can 
be easily checked and adjusted. Next, 
another trap can be left unshorted 
and the others shorted; the unshorted 
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trap, again, can be easily adjusted 
and checked by itself. Waveform A 
shows the high rejection obtained 
when two sound traps are tuned to 
the same frequency. In waveform B, 
the traps are tuned to different fre- 
quencies. This shows how the rejec- 
tion of traps multiplies rather than 
adds. This multiplicative action of 
multiple traps is what makes it so 
difficult to work with two or more 
traps tuned to, or near, the same 
frequency. 


1F TESTS 


Traps tuned to same frequency. Traps tuned to different frequencies. 


To Apply a Beat Marker on an IF Response Curve, Using a 
Built-in Marker Generator 


Equipment: None. 

Connections Required: None. 

Procedure: Turn on marker generator. Tune marker generator 
to a frequency within the passband. A beat marker appears 
on the IF response curve. Turn marker attenuator to avoid 
overload of IF amplifier. Smallest size marker that is con- 
venient should be used to avoid distortion of the response 
curve. Marker becomes attenuated near base line, and higher 
output must be used. Maximum output must be used to make 
marker visible in sound trap. Greater trap visibility is ob- 
tained by using low override bias, low sweep output, maxi- 
mum marker output, and high scope gain. 

Evaluation of Results: If marker is adequate on side of response 
curve but disappears at top of curve, IF amplifier is over- 
loaded by sweep signal. This “strips” the marker off the 
curve. Use lower output from sweep generator, higher over- 
ride bias, or both. 


IF STRIP 
PICTURE DET. 


IF SWEEP 
AND MARKER 
GENERATOR 


Test setup. 


SCOPE 
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IF Tesa5 


PICTURE CARRIER 


SOUND TRAP 


IF curve with marker at the picture- Marker at sound-carrier point on an 
carrier point. IF curve. 


To Make a Beat Marker Plainly Visible on the Steep Side 
of an IF Response Curve 

Equipment: None. 

Connections Required: None. 

Procedure: Reduce the sweep-width control setting to expand 
the side of the response curve with the marker. This usually 
requires retuning of the sweep generator to keep the pattern 
centered. The marker now becomes plainly visible because 
the beat marker has a vertical excursion, while the steep- 
sided curve is displayed with a gradual slope. 

Evaluation of Results: Contrary to the belief commonly held by 
beginners, the response curve is not distorted by sweep-width 
reduction. It looks different, but aralysis of the display will 
reveal that only the coordinate axes have been changed in 
proportion. Regardless of sweep width, the same information 
is given. 


Marker invisible on steep slope at Marker appears plainly at reduced 
6-mc sweep width. sweep width. 
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To Make a Beat Marker Plainly Visible in a Sound Trap 


Equipment: None. 

Connections Required: None. 

Procedure: Tune trap to center screen with sweep tuning dial. 
Advance generator output to maximum. This makes the trap 
and afterresponse clearly visible. Increase vertical gain of 
scope for further vertical expansion. Reduce sweep width 
to a small value for horizontal expansion. Use maximum 
output from marker generator. Marker becomes plainly 
visible in trap. 

Evaluation of Results: Trap is tuned to make marker fall in bot- 
tom dip, as shown in the photos. 


Marker invisible in sound trap, using Reduction of sweep width and use of 

usual IF display. maximum scope gain with increased 
generator output makes marker visi- 
ble. Trap is somewhat mistuned. 


Trap is tuned correctly to place 
marker at bottom of the dip. 


IF TESTS 


To Obtain a Bypass Marker on an IF Response Curve 


Equipment: Bypass marker injector unit, connecting cables, and 
oscilloscope. 

Connections Required: As shown below. Check instruction book 
of instrument. Connections required for some units are dif- 
ferent from those required for other units. 

Procedure: Set generator controls as usual. Then set injector 
controls for any desired size of marker. Curve will not be 
overloaded. 

Evaluation of Results: Injectors tend to give rise to more spurious 
markers than simple marking methods because of the addi- 
tional nonlinear circuitry utilized. You must disregard 
spurious markers. 


General plan of connections for a marker-injector unit is shown 
in the block diagram below. The beat marker is developed in cir- 
cuits that are independent of the IF amplifier under test, and if 
the receiver is turned off, the marker still appears at full size on 
the base line of the scope display. 


SWEEP V 
GENERATOR| SWEEP | be cciver 
MARKER MARKER 
GENERATOR INJECTOR 


Connections for marker-injector unit. 


MARKER 


An effective high-gain bypass marker injector can be con- 
structed, using the circuit shown in the schematic diagram. It 
provides beat-marker indication, which always remains the same 
size, regardless of the marker location (on the top or side of the 
curve, in the sound trap, or out on the base line). Very large 
markers can be utilized, which have no overloading action on 
the pattern. 

Mode of operation of the bypass marker injector is shown in 
the following block diagram. The marker-injector circuits receive 
a sample of the IF sweep voltage and a sample of the IF marker 
voltage. These samples are mixed in a wide-band amplifier, rec- 
tified, passed through a low-pass filter, and again amplified at the 
audio frequency; finally, the marker pip voltage is applied 
through a mixer to the vertical-input terminals of the scope, 
independently of the response-curve voltage. The input circuit 
of the scope ad s the marker pip to the response-curve voltage. 
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IF TESTS 


Ais. = ZES9 


gain marker injector. 


Schematic diagram of a high 
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Courtesy Scala 


Typical bypass marker injector. 


SWEEP 
GENERATOR 


SCOPE 
VERTICAL 


Mode of operation. 


To Obtain a Blanking (Intensity-Modulation) Marker on an 
IF Response Curve. 


Equipment: Built-in blanking-marker generator covering the 
VHF channels, and oscilloscope. 

Connections Required: Output cable from blanking-marker ¢on- 
nector (on generator panel) to intensity-modulation termi- 
nals of scope. 

Procedure: Display IF response curve on scope in usual manner. 
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PF. TESTS 


Switch marker function on. Tune marker generator to de- 
sired marker frequency. Adjust marker intensity control for 
satisfactory display. 

Evaluation of Results: Marker is not necessarily accurate unless 
the marker generator has been calibrated. 


BLANKING 
Vi. MARKER 


Blanking marker on response curve. 


To Place Dual Markers on an IF Response Curve, Using 
External Marker Oscillators 


Equipment: Marker generator, 4.5-mc crystal oscillator, and 
germanium diode. 

Connections Required: Mix outputs from marker generator and 
4.5-mce oscillator in the diode circuit. Inject output from 
diode circuit into sweep-signal terminals. 

Procedure: Tune marker generator to either picture-carrier or 
sound-carrier frequency. The 4.5-mc oscillator then generates 
a sideband marker 4.5 mc away from the generator marker. 

Evaluation of Results: When a quartz-crystal 4.5-me oscillator is 
used, the two markers will be spaced exactly 4.5 mc apart. 
However, the accuracy of the markers is no better than the 
calibration of the marker generator. Note that it is pre- 
ferable to operate the marker generator at the low point on 
the curve (sound marker), because the sideband marker is 
weaker. This method makes the actual appearance of the 
two markers more nearly equal on the curve. 


91 


"HOT" 


ISOLATING 
RESISTOR. 
(AS LARGE 
AS POSSIBLE) 


Test setup. 


Sei BS 


PICTURE 
\ 


IF response curve. 


NOTE 14 


Sharpness of Marker 


A marker can be sharpened by 
varying the value of the isolating 
resistor to the scope. However, a 
marker which appears quite sharp 
on wide sweep width will appear 


| 
MARKER 


Large sweep width. 


fuzzy and expanded on narrow 
sweep width. The isolating resistor 
cannot be increased too much, or 
curve distortion (reactive distortion) 
will occur. 


ae a 
| 
MARKER 


Narrow sweep width. 


To Obtain an Over-all RF/IF Response Curve 


Equipment: RF sweep generator, override bias box, 50,000-ohm 
isolating resistor, and oscilloscope. 

Connections Required: Terminate sweep-generator output cable 
in 300 ohms and apply sweep signal to antenna-input termi- 
nals of RF tuner. Apply override AGC bias to RF and IF 
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IF TESTS 


AGC lines. Local oscillator tube operates in this test. Apply 
output from picture-detector load through 50,000-ohm iso- 
lating resistor to vertical-input terminals of scope. 

Procedure: Use about 6-mc sweep width. Tune sweep generator 
to same channel as the RF tuner. Built-in marker generator 
can be tuned to frequencies within the RF passband. Scope 
display is the over-all RF/IF response. 

Evaluation of Results: The shape of the over-all RF/IF response 
curve should be essentially the same as that of the IF am- 
plifier alone. Otherwise, compromise adjustments are re- 
quired in the alignment procedure. 


Over-all RF/IF response curve. 


NOTE 15 


To Prevent Oscillation of Sweep-Generator/Receiver/Scope Test Setup 


Sometimes an alignment test setup 
operates as a system feedback loop, 
and the arrangement “takes off.” To 
prevent this, ground all instruments 
and the TV chassis to a metal plate 


System stabilized. 


on top of the bench. Use a series 
isolating resistor at the input end of 
the scope cable. Put RF filters in 
the power cords to each unit. 


System feeding back. 
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IF TESTS 


To Mark an Over-all RF/IF Response Curve with TV 
Station-Signal Markers 


Equipment: Oscilloscope, 50,000-ohm isolating resistor, override 
bias source, two composition resistors (1,000 to 50,000 ohms). 

Connections Required: Apply RF sweep signal to antenna-input 
terminals of the receiver. Connect a pair of resistors in series 
with the lead-in to the antenna-input terminals. Apply —1 to 
—3 volts of override bias to the RF and IF AGC buses. Con- 
nect scope to picture-detector output through the 50,000-ohm 
isolating resistor. 

Procedure: Display over-all RF/IF response curve on scope 
screen. Use suitable values of resistors in antenna lead-in 
to obtain satisfactory markers at picture-carrier and sound- 
carrier points on curve. 

Evaluation of Results: Picture-carrier marker should fall halfway 
up the side of the response curve when the fine-tuning control 
is at the midpoint of its range. Sound-carrier marker should 
fall in the sound trap. Note that if a large antenna-marking 
signal is used, the vertical sync-pulse residue will be promi- 
nent, as shown in the photo below. The horizontal sync-pulse 
residue will also become apparent as beading of the curve 
and a “picket fence” interference along the base line. 


TO 
LEAD-IN 


@ RECEIVER 


Feu ad a 1 ie 8 i Test setup. 


RF SWEEP 
GENERATOR S 
ANTENNA 
AGC 
OVERRIDE 


INPUT 
TERMINALS 


Response curve with vertical sync- 
pulse residue. 
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IF TESTS 


To Check an IF Strip for Regeneration 


Equipment: 50,000-ohm isolating resistor, AGC override bias 
box, and oscilloscope. 

Connections Required: Apply output from IF sweep generator 
to a floating tube shield over mixer tube (shield lifted clear 
of chassis). Connect output from bias box to IF AGC line, 
as previously explained for RF tuner alignment. Connect 
scope through 50K isolating resistor across picture-detector 
load resistor. 

Procedure: Display IF curve in usual manner. Then reduce AGC 
override bias to a low value, such as —% volt. 

Evaluation of Results: If the curve becomes badly distorted or 
degenerates into a marker or to a simple base line, the IF 
amplifier is regenerative. Note: All IF amplifiers are slightly 
regenerative; however, the curve should remain reasonably 
stable at low bias. 


Some receivers have the picture detector arranged so that a 
strong signal from the IF amplifier can drive the video amplifier 
into grid current, charging up the coupling capacitor at the peak 
of grid-current flow. If the time constant of the capacitor and leak 
is sufficiently high, this causes a kickback transient voltage which 
couples back into the scope input circuit. The response curve be- 
comes distorted as shown in the photo. Remedy is to reduce the 
sweep voltage to avoid overdrive of the video amplifier tube. 


— REGENERATIVE 


Normal display. Regenerative. 


OSCILLATION STRONG OSCILLATION 


yy . 


Oscillation. Strong oscillation. 
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iP CRESTS 


SCOPE 
TRANSIENT 
UNDERSHOOT 
Picture detector—video amplifier cir- Waveform distorted due to transient 
cuit. voltage. 


To Signal-Trace an IF Amplifier for a Regenerative Feed- 
back Loop 


Equipment: 0.01 mfd bypass capacitor, isolating resistor, oscillo- 
scope, and injection resistor. 

Connections Required: Connect scope through 50,000-ohm isolat- 
ing resistor to picture-detector load. Apply sweep-generator 
output to grid of last IF tube, through an injection resistor, 
as large as permits reasonable vertical deflection on scope. 

Procedure: Observe shape of single-stage (last stage) response 
on scope screen. Then shunt the bypass capacitor in turn 
from each preceding tube grid to chassis. Note any change 
in shape of curve. 

Evaluation of Results: Any change in curve shape shows the 
bypass capacitor is being applied with a feedback loop. Lack 
of shape change shows you have moved out of the feedback 
loop. 

This test does not show where the regenerative loop ends. 

However, it does show where the regenerative loop begins. 


SWEEP 
GENERATOR 


PICTURE 
DETECTOR Test setup. 


=) pe SCOPE 
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IF TESTS 


Single-stage response curve. 


Response curve with bypass capacitor 
shunted. 


NOTE 16 


To Obtain an RF/IF Response Curve witha 


Minimum of Reactive 


The scope is connected to picture- 
detector load resistor R through an 
isolating resistor of 50K ohms, as 
shown below. This gives the over- 
all RF/IF response curve in best 
form, with a minimum of reactive 
distortion. 

Sometimes it is erroneously be- 
lieved that if the scope is moved 
ahead to the output of the video 
amplifier, a check of the video- 


GENERATOR 


ANTENN 
INPUT 
TERMINALS 


Distortion 


amplifier circuit is also obtained. 
This is not so. Here we only add 
the video-amplifier response to a 
low-frequency complex waveform. 
Many video amplifiers are reactive 
when 60-cycle complex waveforms 
are passed through them. The result 
is that the RF/IF response curve is 
displayed with more or less reactive 
distortion. 


-3 VOLTS 


Scope connected to picture detector load resistor. 


ANTENNA 
INPUT 
TERMINALS 


PICTURE TUBE 
SOCKET 


-3 VOLTS 


Scope connected at video amplifier output. 
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Typical reactive distortion of a re- 
sponse curve. 

LOOP AT END 

OF CURVE 
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To Obtain the Frequency Response of the Picture-Detector 
Circuit 


Equipment: Built-in marker generator, demodulator probe, and 
oscilloscope. 

Connections Required: Apply IF sweep and marker output to 
picture-detector input circuit. Remove video-amplifier tube 
(use dummy tube, in series-string receiver). Apply demodu- 
lator probe at grid of video-amplifier socket. 

Procedure: Tune marker generator to bring zero-frequency end 
of pattern to the end of the base line. 

Evaluation of Results: For best picture quality, curve should be 
fairly flat. Note that removal of video-amplifier tube elimi- 
nates the grid input capacitance for which the probe input 
capacitance substitutes. This maintains approximately normal 
capacitive loading on the picture-detector output circuit. 


INTERFERENCE FROM 
LOCAL AM BROADCAST 


Reasonably flat response. Excessive midband response. 


98 


iF TESTS 


4,5MC 


6MC 0 


0 


(A) Test signal applied to input of |(B) Output signal when internal re- 


picture detector. sistance of detector is 75 ohms. 
4, 5MC 
4, 5MC 
0 
0 
(C) Output signal when internal re- (D) Output signal when internal re- 
sistance of detector is 1,000 ohms. sistance of detector is 2,200 ohms. 
4. 5MC 
(E) Output signal when internal re- 
sistance of detector is 5,000 ohms. 
0 


For good frequency response, the detector circuit must match the diode. 
The above response curves are shown for different types of diodes having 
various internal (dynamic) resistance values. 


99 


a) 


Pie, TA 


1 


WA 


oe 


wae Bee 
thxict ete 
au Nety ae ‘ 


VIDEO TESTS 


To Determine Whether a Suitable Range of Test Frequen- 
cies for Sweeping a Video Amplifier Is Being Applied to the 
Picture-Detector Input 


Equipment: IF sweep generator with built-in marker generator, 
demodulator probe, and oscilloscope. 

Connections Required: Apply the IF sweep and marker output 
to the input terminal of the picture detector. Connect de- 
modulator probe at output terminal of video amplifier and 
feed probe output to vertical-input terminals of scope. 

Procedure: Tune the built-in (or external) marker generator to 
bring the zero-frequency point to the center of the pattern, 
as shown in the photo below. Then tune sweep and marker 
generator dials simultaneously through a range of 50 or 100 
mc, watching the mirror-image curves. 

Evaluation of Results: If the mirror-image curves remain the 
same shape, you are operating the generators in a suitable 
frequency range, which is not subject to distortion from 
spurious outputs or from possible trap action of the IF cir- 
cuit. On the other hand, if the mirror-image curves do not 
remain the same in shape, try using another generator range 
to find a better response. 


If trap action in the last IF circuit causes difficulty, you can 
disconnect the picture detector from its tuned circuit, as shown 
in the illustration. 


101 


VIDEO TESTS 


APPLY SWEEP 
AND MARKER 


SIGNALS picture 
DETECTOR 


TO VIDEO 


x 
DISCONNECT AMPLIFIER 


IF t 


TUNED 
CIRCUITS 


Test setup. 


Zero frequency displayed in center 
of pattern. 


To Obtain the Frequency Response of a Video Amplifier 
System 


Equipment: Video-frequency sweep generator, a low-Z demodu- 
lator probe, and oscilloscope. The low-Z demodulator probe 
is discussed in the IF testing section. (See U41.) 

Connections Required: Input from video-frequency sweep gen- 
erator is applied at grid of stage under test. Low-Z probe is 
connected to the modulated, or driven, element of the picture 
tube. 

Procedure: Adjust instrument controls for normal display of 
video-frequency curve. 

Evaluation of Results: For best picture reproduction, the response 
curve should be flat and have full 4-mc bandwidth. Trouble 
in an individual stage is best investigated with this type 
of test. 


Excessive shunt capacitance in the video-amplifier circuits will 
cause loss of high-frequency response, as shown in the illustration 
below. Extension of the signal lead to the picture tube, dressing 
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of signal leads against chassis metal, peaking coils or coupling 
capacitors resting against chassis metal, etc., cause such shunt 
capacitance. 

If the horizontal sweep system causes interference on a video- 
amplifier response curve, as shown below, pull the horizontal- 
output tube. In a series-string receiver, use a dummy tube to 
maintain heater continuity. 

Disregard spikes at end of base line. They are not interference, 
but are caused by differentiation of the zero-volt blanking signal 
in the demodulator probe. 


et 


Single-stage video amplifier response. _ Loss of high frequency response due 
Too much high-frequency response. to excessive shunt capacitance. 


Interference from horizontal sweep 
circuit. Horizontal output tube pulled. 


To Obtain the Response Curve of a Video Amplifier, Exclu- 
sive of the Internal Resistance of the Picture Detector 


Equipment: Video-frequency sweep generator, demodulator probe, 
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and oscilloscope. 

Connections Required: Apply output from generator to input of 
video amplifier. Unplug picture-tube socket (or use dummy 
tube for heater continuity). Connect demodulator probe to 
output terminal of video amplifier. 

Procedure: Set contrast control to approximately normal oper- 
ating position. Tune generator to bring zero-frequency point 
to one end of the base line in the pattern. 

Evaluation of Results: Because the plate resistance of the picture- 
detector tube is not included in this type of test, the video- 
frequency response curve will show more high-frequency 
output than in the more inclusive test described later. How- 
ever, video-frequency response curves shown in receiver 
service data are usually made as described here. 


Removing the picture-tube socket eliminates the input capaci- 
tance of the picture tube from the video-amplifier output circuit 
for which the probe input capacitance substitutes. 


VIDEO 
SWEEP 
GENERATOR 


Test setup. 


SCOPE 


Video amplifier response curve. 


VIDEO SWEEP 
VOLTAGE FEEDS 
THROUGH PROBE 


To Obtain a Video-Frequency Response Curve, Taking The 
Plate Resistance of the Picture Detector into Account 


Equipment: IF sweep generator with built-in marker generator, 
demodulator probe, and oscilloscope. 
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Connections Required: Apply the IF sweep and marker output 
to the input terminal of the picture detector. Connect de- 
modulator probe at output terminal of video amplifier and 
feed probe output to vertical-input terminals of scope. 

Procedure: Tune IF sweep generator to any convenient frequency 
which is free from spurious marker output. Tune marker 
generator to bring zero-frequency point of curve to end of 
base line. 

Evaluation of Results: The curve obtained shows the actual re- 
sponse of the complete video-frequency system. The high- 
frequency response is always attenuated to some extent by 
passage of the signal through the picture detector because 
of its dynamic plate resistance which feeds into the input 
capacitance of the first video amplifier. This curve shows 
the true operating video response of the receiver. 


It is sometimes believed that the frequencies applied to the 
input of the picture detector must be IF frequencies when a 
video-frequency signal is obtained by beating a sweep and marker 
signal through the detector. Actually, this is not so. In fact, it is 
often preferable to use RF frequencies in the 150-mc range be- 
cause the IF sweep frequencies from service generators are often 
mixed frequencies. Consequently, spurious markers and curve 
distortion result. On the other hand, the RF frequencies are 
usually pure outputs. It is not necessary to use IF frequencies; 
although the test signals are applied across a tuned IF circuit, 
the output impedance of the generator cable is 75 ohms—a low 
impedance. This low impedance shunted across the tuned IF 
circuit broadens its response over a very wide range. Conse- 
quently, the circuit is no longer resonant at the IF frequency, 
and almost any desired test frequencies can be used. We choose 
frequencies which are free from spurious markers and sweep 
outputs. 


IF SWEEP 
AND MARKER 
GENERATOR 


Test setup. 
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VIDEO TESTS 


Response curve of complete video- 
frequency system. 


PICTURE 


RE OR: Rae bo TO VIDEO 
SWEEP AND "49° PLIFIER 
MARKER 

GENERATOR 


THE TEST SIGNALS 


DETECTOR BEATS 


Connections when using RF sweep generator. 


To Obtain an Undemodulated Frequency Response Curve 
of a Video Amplifier 


Equipment: Video frequency sweep generator, absorption marker 
box, low-capacitance probe, and oscilloscope. 

Connections Required: Apply video-frequency sweep signal 
through marker box to video-amplifier input. Connect low- 
capacitance probe at video-amplifier output. Feed probe out- 
put to vertical-input terminals of scope. 

Procedure: Adjust instrument controls for normal display of re- 
sponse curve. 

Evaluation of Results: As shown in the photos below, an un- 
demodulated response curve is obtained. This is a more 
complete display than obtained with a demodulator probe 
because the linearity of the amplifier on positive and nega- 
tive signal excursions is shown. 
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Flat response. Poor HF response. 


To Make a 60-Cycle, Square-Wave Check of the Video 
Amplifier 


Equipment: IF sweep generator, low-capacitance probe, and 
oscilloscope. 

Connections Required: Apply output from IF sweep generator 
to grid of last IF tube. Connect low-capacitance probe to 
output of video amplifier. Feed probe output to scope ver- 
tical-input terminals. 

Procedure: Reduce sweep width to zero. Turn marker generator 
off. Use zero-volt, base-line function of sweep generator. 
Operate scope on 30-cycle sawtooth sweep. 

Evaluation of Results: Since the zero-volt, base-line function of 
the sweep generator modulates the IF test signal with a 60- 
cycle square wave, we get a 60-cycle, square-wave test of 
the video amplifier. This is useful since a low-capacitance 
probe has no output at low sweep frequencies, and the video- 
frequency response should be displayed on the scope screen. 
Tilt shows that the time constants of the coupling or de- 
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coupling and bypass circuits are inadequate. Tilt is not de- 
sirable because it will distort large backgrounds in picture 
reproduction. 


IF SWEEP 
GENERATOR 


Good square-wave response. Poor square-wave response. 


To Mark a Video-Frequency Response Curve Without 
Marker Facilities (Using the Step-off Method) 


Equipment: Video-frequency sweep generator, a low-Z demodu- 
lator probe, and oscilloscope. 

Connections Required: Input from video-frequency sweep gen- 
erator is applied at grid of stage under test. Low-Z probe is 
connected to the modulated, or driven, element of the pic- 
ture tube. 

Procedure: The video-frequency response curve is first displayed 
on the scope screen. It will first appear in mirror-image form 
as shown in waveform A. Waveforms B and C show the 
trace and retrace as they are nearing an in-phase condition 
when the phasing control is adjusted. We blank the return 
trace to a zero-reference line, as shown in waveform D. Then 
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the sweep-generator tuning dial is turned to bring the zero- 
frequency point to the end of the base line, as shown in 
waveform E. Now, we “step off” frequencies on the gener- 
ator dial. In waveform F, the dial has been turned up 2 mc— 
the 2-mc point of the curve now appears at the end of the 
base line. In waveform G, the dial has been turned up 3 mc. 
In waveform H, the dial has been turned up 4 mc. 
Evaluation of Results: The accuracy of frequency indication de- 
pends upon the horizontal linearity of the FM signal. This 
is usually good enough in service instruments to obtain satis- 


factory marker data. 


(A) Trace and retrace out of phase. (B) Trace and retrace nearer in 


phase. 


(D) Retrace blanked. 


(E) Zero frequency point tuned to (F) Center-frequency dial tuned 
end of base line, and sweep width through 2 mc. 
control adjusted. 


(C) Trace and retrace in phase. 
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(G) Center-frequency dial tuned (H) Center-frequency dial tuned 
through 3 me. through 4 me. 


Marking response curves without markers. 


To Mark a Video-Frequency Response Curve with an Ab- 
sorption-Marker Box 


Equipment: Video-frequency sweep generator, absorption-marker 
box, demodulator probe, and oscilloscope. 

Connections Required: Apply video-frequency sweep signal 
through marker box to video-amplifier input. Connect de- 
modulator probe at video-amplifier output. Feed probe out- 
put to vertical input terminals of scope. 

Procedure: Adjust instrument controls for normal display of 
video-frequency curve. 

Evaluation of Results: To identify a marker of given frequency, 
touch the terminal associated with the marker frequency (on 
the marker box). The corresponding marker moves on the 
curve and is thereby identified. 


DEMODULATOR 


VIDEO PRO 
FREQUENCY = 
SWEEP 


GENERATOR MARKER BOX 


Test setup. 
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Video response curve using absorp- 
tion markers. 


NOTE 17 


To Obtain Multiple Absorption Markers 


Multiple absorption markers can be 
obtained by passing the output from 
a video-frequency sweep generator 
through the configuration shown be- 
low. This network provides three 
markers. However, as many markers 
as desired can be provided. The value 
of the series capacitor (1.5 to 15 
mmf) not only tunes the marker 
frequency, but more important, de- 
termines the size (depth) of the 
marker. Only a few micromicro- 
farads are required for best marker 
indication. Hence, adjust the trim- 
mers for proper marker display. 
Then tune the marker for desired 
frequency with the inductor cores. 
The values of Li, L:, and Ls must 
be chosen to bring the marker fre- 
quency within range. Peaking coils 


burst- 
takeoff coils, or subcarrier trap coils 
are typical useful inductors usually 
available in the shop. The arrange- 
ment can be mounted in a small 
metal box. If terminals Ti, T., and 
T, are provided, individual markers 


with powdered-iron cores, 


can be identified on a curve by 
touching a terminal. The marker 
frequency (dip) is identified by 
movement and size change when 
the terminal is touched. To calibrate 
the markers, use a grid-dip meter, 
heterodyne frequency meter, or ac- 
curate available frequencies such as 
output from color-subcarrier oscil- 
lator and harmonics from calibrat- 
ing crystals in service alignment 
equipment. 


OUTPUT 


Network to provide three markers. 


VIDEO TESTS 


NOTE 18 


To Remove Spurious Beat Frequencies 
from the Output of a Video-Frequency Sweep Generator 


All video-frequency sweep gener- 
ators operate on the beat-frequency 
principle. Hence, there is a sum 
frequency in addition to the dif- 
ference frequency in the generator 
output. The sum frequency is ob- 
jectionable in some types of test 
work. However, the sum frequency 
can be easily removed with a 75- 
ohm, low-pass filter, as shown. There 
is no coupling between the induc- 
tors. They can be mounted at right 


2.6uh 


2.6uh 


FROM 
GENERATOR 


angles to each other, or shielded. 
The cutoff frequency of this filter 
arrangement is 9 me. It passes all 
frequencies from zero to 9 mc, thus 
more than passing the TV video 
band. The filter is generally inserted 
at the input end of the cable, al- 
though it can also be placed at the 
output end in the termination box. 
The 75-ohm termination must be 
used, or the filter will not operate 
properly. 


75-ohm low-pass filter. 


NOTE 19 


Illustration of a Load-Sensitive Characteristic 
of Sweep Generator Having a Low-Pass Filter 


We have reviewed the advantage of 
having a low-pass filter in the out- 
put of a video-frequency generator 
to remove the spurious sum fre- 
quency from the mixer. Only the 
difference frequency then remains in 
the generator output signal. The tun- 
ing dial of the generator is calibrated 
in terms of this difference frequency. 
In various types of tests, it is mis- 
leading to have the sum frequency 
mixed with the difference frequency 
in the generator signal. This is why 
we use a low-pass filter. When a fil- 
ter is used, we must remember that 
the generator output cable becomes 
much more load-sensitive than it 
does when a filter is not used. 
In particular, substantial capacitance 
shunted across the point of video- 
signal application causes much more 
distortion when a filter is utilized. 
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This is shown in the photos below. 
The photos are for 75-ohm generator 
output. In photo A, no low-pass fil- 
ter is used in series with the sweep- 
generator output—when a 0.05-mfd 
capacitor is shunted across the 75- 
ohm terminating resistor, high-fre- 
quency response is impaired as 
shown. In photo B, a standard low- 
pass filter is used in series with the 
sweep-generator output—when a 0.05- 
mfd capacitor is shunted across the 
75-ohm terminating resistor, the 
high-frequency response is much 
more seriously affected. These pho- 
tos illustrate the fact that not only 
must the circuit capacitance at the 
signal-application point be recog- 
nized and considered, but also that 
these considerations are much more 
important when a low-pass filter is 
used in the sweep-generator output. 


aiha 
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VIDEO TESTS 


CONT'D 
(A) Not using low-pass filter. (B) Using low-pass filter. 


Marking a Video-Frequency Response Curve, Using a 
Built-in Marker 


Equipment: Video frequency sweep generator with built-in 
marker, demodulator probe, and oscilloscope. 

Connections Required: Apply video-frequency sweep signal to 
the video-amplifier input. Connect demodulator probe at 
video-amplifier output. Feed output of probe to vertical- 
input terminals of scope. 

Procedure: Turn marker generator on. Tune marker generator 
for desired marking frequency. 

Evaluation of Results: Some generators have absorption-type 
markers. Others have beat markers, or a choice of either 
type. Absorption markers are generally preferred because 
they do not cause spurious markers on a video-frequency 
curve. 


BEAT MARKER 


VIDEO 
SWEEP AND 


MARKER 
GENERATOR 


<——— ABSORPTION MARKER 
Appearance of a beat marker and an 
absorption marker on a_video-fre- 
Test setup. quency response curve. 
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To Obtain a Video Sweep Modulated (VSM) Response of 
the RF/IF/VF Circuits 


Equipment: Video-frequency sweep generator, marker generator 
with built-in modulator, absorption marker box, low-capaci- 
tance probe, and wide-band 4-mc oscilloscope. 

Connections Required: Connect output from video-sweep gen- 
erator to modulator-input terminals of marker generator 
through absorption marker box. Connect output from marker 
generator to antenna-input terminals of the TV receiver. 
Connect the low-capacitance probe to the output terminals 
of the video amplifier. Feed probe output to vertical-input 
terminals of scope. 

Procedure: Tune marker generator to picture-carrier frequency 
of channel to which the RF tuner is set. Adjust video-fre- 
quency generator dial to bring zero-frequency point to end 
of base line in pattern. 

Evaluation of Results: The pattern shows the over-all response 
of the RF, IF, and VF circuits operating as in normal recep- 
tion. For best quality picture reproduction, the response 
should be flat and have about 4-mc bandwidth. Compromise 
adjustment of peaking coil, load resistor values, and align- 
ment adjustments may be required to get the best over-all 
response. 


As shown in the photos below, an absorption marker appears 
much sharper on wide sweep width than on narrow sweep width. 
An absorption marker is like a beat marker in this respect. 
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Test setup. 
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Over-all response of RF, IF, and VF 
circuits. 


Absorption marker on wide sweep 


width, 


Absorption marker on narrow sweep 
width. 


NOTE 20 


Construction of an External Modulator 


An external modulator permits one 
signal to be modulated upon another 
signal frequency. This modulator ex- 
tends the number and types of tests 
which can be made with a sweep 
generator. The simplest form of ex- 
ternal modulator is shown below. In 
this circuit, a 1N82A diode, which 
works well and provides a relatively 
small insertion loss is used; how- 
ever, a 1N34A or three 1N64 diodes 
connected in parallel may be used 
instead. The RF choke shown by dot- 
ted lines at the output of the modu- 
lator suppresses feedthrough of low- 
frequency modulating signals. This 


choke should be used where feed- 
through is undesirable, such as with 
square-wave or with audio-oscillator 
modulation. However, the RF choke 
should not be used with a low-fre- 
quency video-sweep output because 
it will distort the signal. 

Two or three signals can be ap- 
plied at the input, and the network 
will modulate each upon the other. 
Some examples of the combinations 
which can be used with this modu- 
lator are: 

1. Application of an RF sweep and 

RF marker signal at the input 
provides a video-sweep output. 
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INPUT 
SIGNALS 


1N82A 


OUTPUT 


. Application of an RF marker sig- 
nal and square-wave voltage at 
the input provides a modulated 
square-wave output. 

. Application of an RF marker sig- 
nal and an audio-oscillator sig- 
nal at the input provides an au- 
dio-modulated output. 

. Application of an RF marker 
signal and a pattern-generator 
video signal at the input pro- 
vides an RF carrier modulated 
by the pattern information. 

. Application of an RF sweep sig- 
nal, RF marker signal at sound- 
carrier frequency, and a 4.5-mc 
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Modulator circuit. 


signal at the input provides an 
RF sweep output with markers 
at both the picture-carrier and 
sound-carrier points. 


. Application of an RF marker 


signal and a video signal from 
a TV receiver at the input pro- 
vides a video-modulated RF out- 
put on any chosen channel (re- 
broadcast test technique). Take 
the video signal from a low- 
impedance circuit point in the 
video amplifier, such as from 
the cathode of a tube with an 
unbypassed cathode resistor. 


SOUND TESTS 


To Obtain the Sound-IF Amplifier Response Curve of Sys- 
tems Using a Discriminator-Type Detector 


Equipment: Isolating resistor (50,000 ohms), and oscilloscope. 

Connections Required: Apply 4.5-mc sweep signal (with 4.5-mc 
marker if desired) at grid of tube preceding sound take-off 
point. Connect scope through 50,000-ohm isolating resistor 
across limiter load resistor. 

Procedure: Operate generator on reduced sweep width. Other- 
wise, procedure is the same as for checking a video-IF 
amplifier. 

Evaluation of Results: When limiter circuit has a long time- 
constant, the time constant must be shortened to avoid re- 
active distortion. This can be done by shunting a 10,000-ohm 
resistor across the limiter resistor during alignment. Peak 
up the sound-IF transformers for maximum response at 
4.5 me. 


Distorted sound IF response curve 
obtained when scope is connected 
across limiter load network. 


SOUND TESTS 


Undistorted curve obtained when time 

constant of network is reduced by 

shunting with 10K-ohm resistor dur- 10K-ohm resistor across limiter re- 
ing the alignment procedure. sistor. 


4. R 
7 4.5 MC MARKE 


Response curve with 4.5-mc marker. 


If the sound-IF response curve “walks” on the base line 
as the sweep-generator attenuator is varied, the amplifier 
is regenerative. There is feedback due to Miller effect in 
one of the stages. Check in particular the screen bypass 
capacitors. 


— MEDIUM LEVEL 


—— HIGH LEVEL 


High-level signal. Medium-level signal. 
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Low-level signal. 


Effect on curve if amplifier is regenerative. 
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To Obtain the Combined Response Curve of the Sound-IF 
Amplifier and the Ratio or FM Detector 


Equipment: Isolating resistor (50,000 ohms), 0.1-mfd capacitor, 
and oscilloscope. 

Connections Required: Output from sweep generator is applied 
to output circuit of picture detector. Scope is connected 
through 50K isolating resistor to top of volume control or 
to input of de-emphasis network. 

Procedure: 

1. Sweep generator and scope are first adjusted to center 
4.5-mc point on the base line. 

2. Output of sweep generator is applied at output of pic- 
ture detector (input of video amplifier) through a 0.1-mfd 
blocking capacitor. 

3. Scope is connected across the volume control of the 
receiver. 

4. The ratio-detector S curve appears on the scope 
screen; inspect the intersection of the S curve with the ver- 
tical center line of the scope screen. 

5. If the center of the S curve intersects the vertical 
center line, the center frequency of the ratio detector is 
correct. If not, ratio-detector circuits must be aligned (illus- 
tration shows intersection too high on the S curve). 

6. The ratio-detector circuit must also be adjusted to 
make the peaks of the S curve as far apart as possible and 
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to make the portion of the trace between the peaks of the 
S curve as linear as possible. 

Evaluation of Results: If the ratio detector is in good adjust- 
ment, and if the two sides of the circuit are balanced (good 
tube, good components), it will be impossible to see a 4.5-mc 
marker on the curve —hence the use of the intersection 
method to determine the 4.5-mc point. 


WV 
RECEIVER 


SWEEP 
GENERATOR 


BLOCKING 
CAPACITOR 


PICTURE VOLUME 
DETECTOR CONTROL 


Test setup. 


S-curve. 


To Sweep Align the IF Amplifier of an FM Receiver 


Equipment: Isolating resistor (50,000 ohms), and oscilloscope. 

Connections Required: Apply sweep and 10.7-mc marker signal 
at grid of mixer tube through an 0.1-mfd blocking capacitor. 
Connect scope to point A (see diagram) through 50,000-ohm 
isolating resistor. 

Procedure: Display response curve shown below. 

Evaluation of Results: Tune IF slugs for maximum height of the 
curve. Be sure the 10.7-mc marker appears on the peak of 
the curve. 


Sound IF response curve. 
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LIMITER 


Partial schematic of limiter circuit. 


SCOPE 
CONNECT 
POINT 


B+ 


NOTE 21 


Siamese Twin Response Curves 


When a response curve appears as_ and the horizontal phasing control is 
shown below, the center frequency misadjusted. 
of the sweep generator is incorrect, 


Siamese twin response curve. 


NOTE 22 


Response Curves That Do Not Rest on Base Line 


When the curve does not rest on the frequently seen when using a de- 
base line (or if the base line cuts modulator probe in video-frequency 
through the curve), there are spuri- sweep alignment or when making an 
ous voltages entering the demodula- RF alignment. 

tor probe ahead of the scope. This is 


Curve not on base line. 
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To Align the Discriminator of an FM Receiver 


Equipment: Isolating resistor (50,000 ohms), 0.01-mfd capacitor, 
and oscilloscope. 

Connections Required: Connect hot lead of generator to limiter 
grid through 0.01-mfd fixed capacitor. Connect scope to point 
A or B (as shown in schematic diagram) through 50,000-ohm 
isolating resistor. 

Procedure: Tune sweep generator to 10.7-mc center frequency, 
using a relatively narrow sweep width. 

Evaluation of Results: When scope is connected at point A, an S 
curve appears on scope screen as shown in waveform A. 
However, if scope is connected to point B, the half wave 
shown in waveform B is displayed on the scope screen. In 
either case, peak primary of transformer to obtain maximum 
height of pattern. Adjust secondary slug to bring 10.7-mc 
marker even with the zero-volt base line, as shown in wave- 
form A. 


LIMITER 


AUDIO 


SWEEP OUTPUT 


GENERATOR 
INPUT 


Schematic diagram of discriminator circuit. 


(A) S curve. (B) Half-wave. 
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To Sweep-Align the Sound IF and Ratio-Detector Circuits 
with a Single Test Setup 


Equipment: Isolating resistor (50,000 ohms), 0.01-mfd capacitor, 
and oscilloscope. 

Connections Required: Apply sweep and 4.5-mc marker signal 
at grid of sound take-off tube, as shown in diagram below. 
(Use 0.01-mfd capacitor in series with the lead to the grid.) 
Connect 50,000-ohm isolating resistor at input of de-emphasis 
network. Feed output from isolating resistor to vertical-input 
terminals of scope. 

Procedure: Adjust instrument controls to obtain S-curve display 
on scope screen. 

Evaluation of Results: Adjust the sound-IF transformer slugs to 
obtain maximum height of S curve. Also adjust ratio-detec- 
tor primary slug for maximum pattern height. Adjust ratio- 
detector secondary slug for symmetry of S curve. The 4.5-mc 
marker must appear in center of S curve—make necessary 
touch-up adjustments to place marker correctly. 


If stabilizing capacitor in ratio-detector circuit causes curve dis- 
tortion, disconnect capacitor during sweep alignment procedure. 

The 4.5-mc marker becomes more visible on an S curve when 
the stabilizing capacitor is disconnected. As shown in waveform 
A, the marker appears expanded on the curve because the sweep 
width is relatively narrow. There is a slight break in the marker 
at the exact 4.5-mc point. This break should fall on the zero-volt 
base line. 

When a beat marker is expanded, we observe that it finally 
begins to split up into two groups of video-frequency sweep 
voltage, with zero beat showing as a notch or dip between two 
peak voltage points of the marker, as shown in waveform B. 
Then if the sweep width is further reduced, we see the actual 
zero-beat interval. The zero-beat interval is not a. point, but a 
short line, as shown in waveform C. It is not a point because 
there is always some residual coupling between the sweep gen- 
erator and the marker generator. This residual coupling causes 
the generators to pull and lock near the zero-beat point. Hence, 
there is always a certain low-frequency limitation in a beat 
marker indication since residual coupling can be reduced but 
never completely eliminated in practical test set-ups. This is one 
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of the reasons it is difficult or impossible to mark an AM response 
curve in a broadcast receiver with a beat marker. 


RATIO 
SWEEP 01 DETECTOR 

GENERATOR [|__| tL, STABILIZING 

(4.5MC MARKER) A CAPACITOR 

‘ SOUND 
TAKE-OFF TO AUDIO 
TUBE AMP 
AB 
= SCOPE CONNECTION 
Test setup. POINT 


EXPANDED MARKER » MALL BANDWIDTH : 
ie 


(A) Marker expanded. (B) Zero beat indication. 


(C) Zero beat interval with sweep 
width reduced. 


To Display the Frequency Response of a Ratio Detector 


Equipment Required: Isolating resistor (50,000 ohms) and oscil- 
loscope. 

Connections Required: Apply sweep signal to input of ratio 
detector. Connect isolating resistor to input of de-emphasis 
circuit. Feed output from isolating resistor to vertical-input 
terminals of scope. 
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Procedure: Tune sweep generator to 4.5-mc center frequency, 
using a relatively narrow sweep width. 

Evaluation of Results: S curve appears on scope screen. Lack of 
symmetry shows misalignment. 


SWEEP AND 
MARKER 
GENERATOR 


Test setup. 


Unsymmetrical response. 


DE-EMPHASIS 
NETWORK 


RATIO 
DETECTOR 


UNSYMMETRICAL 


NOTE 23 


To Check a Ratio Detector for Harmonic Feedback 


Harmonic feedback is sometimes re- 
sponsible for difficulty in aligning 
the ratio detector and in obtaining 
a stable pattern at different signal 
levels. To check for this condition, 
a sweep signal is applied to the pic- 
ture-detector output through a 20- 
mmf capacitor. The sweep generator 
is set to 10-mc sweep width and 
tuned to zero center frequency. Con- 


20 
MMF 


TO SWEEP 
GENERATOR 


TO VIDEO 
AMP 


PICTURE 
DETECTOR 


Connection to sweep generator. 


nect scope through a 50K isolating 
resistor to input of de-emphasis net- 
work (see U72). A double S curve 
appears on the scope screen. If ap- 
preciable harmonic feedback is oc- 
curring from the ratio detector to 
other receiver circuits such as the 
IF amplifier, spurious sweeps will 
appear between the two S curves. 


Spurious sweeps between S curves. 
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To Obtain a Crossover S-Curve Display 


Equipment: Isolating resistor (50,000 ohms), 60-cycle phasable 
voltage box, and oscilloscope. 

Connections Required: Apply sweep signal to input of FM detec- 
tor. Connect isolating resistor to input of de-emphasis net- 
work. Feed output from isolating resistor to vertical-input 
terminals of scope. Connect 60-cycle phasable voltage to ex- 
ternal syne terminal on scope. 

Procedure: Operate the scope on 120-cycle sawtooth sweep. Ad- 
just phase of external sync voltage and center frequency of 
sweep generator to obtain the standard crossover pattern. 

Evaluation of Results: The FM detector is in best alignment when 
the pattern is made as symmetrical as possible. 


EXT. | 60-CYCLE 


SYNC} PHASABLE Test setup. 
VOLT BOX 


Crossover S curve. 


To Calibrate the Scope Base Line for Convenient Marking 
of Ratio-Detector Center Frequency 


Equipment: Demodulator probe, oscilloscope, and built-in 4.5-me 
crystal oscillator. 

Connections Required: Apply 4.5-mc marker and sweep signal to 
input of demodulator probe. Feed probe output to vertical- 
input terminals of scope. 
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Procedure: 

1. Set sweep generator to approximately 4%e-mc sweep 
width; tune sweep generator to approximately 4.5-mc center 
frequency. 

2. Apply output of sweep generator to vertical input of 

scope through a sensitive demodulator probe. 

3. Tune sweep generator carefully to place 4.5-mc 
marker exactly at center of scope screen. 

4. Do not touch sweep-generator tuning dial, centering 
controls of scope, or horizontal-width control of scope there- 
after; generator and scope are now properly adjusted for 
ratio-detector alignment. (Vertical-gain control can be varied 
if desired.) 

Evaluation of Results: This method of marking is often quite 
useful because some ratio detectors have very high AM re- 
jection, and it is difficult to see a 4.5-mc marker. 


SWEEP 
GENERATOR 
AND 


Test setup. 


DEMODULATOR 
PROBE 


To Place a Blanking (Intensity Modulation) Marker on an 

FM Detector Response Curve 

o 

Equipment: Built-in blanking-marker generator, and oscilloscope. 

Connections Required: Output cable from blanking-marker gen- 
erator (on generator panel) to intensity-modulation termi- 
nals of scope. Connect sweep generator to input of FM de- 
tector. Connect isolating resistor (50,000 ohms) to input of 
de-emphasis network. Feed output of isolating resistor to 
vertical-input terminals of scope. 

Procedure: Display S curve on scope screen. Switch marker 
function on. Tune marker generator to desired marker fre- 
quency (4.5 mc). Adjust marker-intensity control for satis- 
factory display. 
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Evaluation of Results: Marker frequency may not be accurate 
unless obtained from quartz-crystal oscillator or from cali- 
brated marker generator. 


Blanking marker on FM detector re- 
sponse curve. 


—— I-M MARKER 


To Mark an S Curve with the TV Station Signal 


Equipment: Two isolating resistors (50,000 and 5,000 ohms), and 
oscilloscope. 

Connections Required: Apply sweep signal with 4.5-mc center 
frequency at input of sound take-off coil through an isolating 
resistor of 5,000 ohms. Connect vertical input of scope to 
input of de-emphasis network through a 50K resistor. 

Procedure: Tune in a TV station to mix the intercarrier sound 
signal with the sweep signal. 

Evaluation of Results: A fuzzy marker appears on the S curve. 
It has a slight break, which is the 4.5-me point. This is a 
very accurate marker. The photo below shows ratio detec- 
tor mistuned, with marker break appearing near negative 
peak of curve. 


Marking S curve with station signal. 
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To Align the Sound IF and Detector Circuits of Systems 
Using a Gated-Beam Discriminator 


Equipment: Isolating resistor (50,000 ohms), and oscilloscope. 

Connections Required: Apply 15kc sweep signal, 400 cycle mod- 
ulated, with 4.5-mc marker, to input of video amplifier. Con- 
nect vertical-input terminals of scope across speaker voice 
coil. 

Procedure: Adjust quadrature coil for maximum 400-cycle indi- 
cation on scope. (Use only enough signal to produce .7 volt 
peak-to-peak on scope.) Decrease the input signal to mini- 
mum usable signal and adjust IF transformers for symmetri- 
cal breakout similar to waveform shown below. 


Aligning gated-beam detector with 
scope. 
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To Obtain the Frequency Response Curve of a Bandpass 
Amplifier 


Equipment: Video-frequency sweep generator (optional marking 
facility), demodulator probe, and oscilloscope. 

Connections Required: Apply sweep signal to grid of bandpass 
amplifier tube. Connect probe across a low-impedance point 
in the bandpass amplifier output circuit. Feed probe output 
to vertical-input terminals of scope. 

Procedure: Adjust instrument controls for normal display of fre- 
quency-response curve. 

Evaluation of Results: Consult receiver service notes for spec- 
ified curve shape. Most bandpass amplifiers have a frequency 
response from 3.1 to 4.1 mc and a flat top. However, some 
curves are peaked and may have greater bandwidth, such 
as 2.1 to 4.1 mc. 


VIDEO SWEEP BAND PASS 


AND MARKER AMPLIFIER 
GENERATOR 


DEMODULATOR 
PROBE 


Typical bandpass amplifier response 
Test setup. curve. 
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To Measure The Gain of a Bandpass Amplifier 


Equipment: Video-frequency sweep generator (optional marking 
facility), demodulator probe, and oscilloscope. 

Connections Required: Apply sweep signal to grid of bandpass 
amplifier tube. Connect probe across a low-impedance point 
in the bandpass amplifier output circuit. Feed probe output 
to vertical-input terminals of scope. 

Procedure: Observe vertical height of bandpass amplifier re- 
sponse curve on scope screen. Then move demodulator probe 
to input side, connecting probe across generator-output ter- 
minals. Observe height of pattern. 

Evaluation of Results: The ratio of the two deflections gives the 
bandpass amplifier gain between the two points of test. 


This test must be made with a video-frequency sweep gener- 


ator having an unmixed output. Otherwise, the observation at 
point B will be incorrect. 
SWEEP 


i BANDPASS 
GENERATOR AMPLIFIER 


| EES 


VIDEO 
Waveform at point A. 


= DEMODULATOR SCOPE 


PROBE 


Apply probe at point A, and then at 
point B, noting change in pattern height. Waveform at point B. 


To Place a Blanking (Intensity-Modulation) Marker on a 
Bandpass Amplifier Response Curve 


Equipment: Built-in blanking-marker generator, and oscilloscope. 

Connections Required: Output cable from blanking-marker con- 
nector (on generator panel) to intensity-modulation termi- 
nals of scope. 

Procedure: Display response curve as previously described in 
U78. Switch marker function on. Tune marker generator 
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to desired marker frequency. Adjust marker-intensity eontrol 
for satisfactory display. 

Evaluation of Results: Marker is not necessarily accurate unless 
calibrated against a quartz-crystal oscillator. 


Blanking marker on bandpass-ampli- 
fier response curve. 


—— I-M MARKER 


To Check the Combined Response of the Bandpass Ampli- 
fier and R-Y Chroma Demodulator 


Equipment: Video-frequency sweep generator, demodulator 
probe and oscilloscope. 

Connections Required: Apply video-frequency sweep signal to 
grid of bandpass amplifier tube. Connect demodulator probe 
to red grid terminal of picture-tube socket. Remove socket 
from picture tube. 

Procedure: Tune sweep and marker generators to drive video 
signal through chroma system, with zero-frequency point 
at end of base line. 

Evaluation of Results: The screen pattern should appear the same 
as it does for a properly adjusted chroma-demodulator cir- 
cuit. If the response is distorted by inclusion of the bandpass 
amplifier in the test, it indicates that load resistors or peaking 


coils, or both, have incorrect values. 


TO COLOR 
PICTURE 
TUBE 


i DEMODULATOR Test setup. 


PROBE 
VIDEO FREQ. 
SWEEP 
GENERATOR 
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Response curve with reasonably flat 
top. 


To Check the Combined Response of the Bandpass Ampli- 
fier and B-Y Chroma Demodulator 


Equipment: Video-frequency sweep and marker generator, de- 
modulator probe, and oscilloscope. 

Connections Required: Apply sweep and marker signals to grid 
of bandpass amplifier tube. Connect probe at blue grid ter- 
minal of picture tube and feed probe output to vertical-in- 
put terminals of scope. 

Procedure: Remove socket from color picture tube. Tune sweep 
and marker generators to drive video signal through chroma 
system, with zero-frequency point at end of base line. 

Evaluation of Results: The screen pattern should appear the same 
as it does for a properly adjusted chroma-demodulator cir- 
cuit. If the response is distorted by inclusion of the bandpass 
amplifier in the test, it indicates that load resistors or peaking 
coils, or both, have incorrect values. 


BAND PASS B-Y 
AMPLIFIER DEMODULATOR 


VIDEO 
FREQUENCY 
SWEEP 

GENERATOR 


TO COLOR 
PICTURE 
TUBE 


Test setup. 


134 


COLOR RECEIVER TESTS 


Low frequencies weak. Load resistor 
too small. 


To Check the Combined Response of the Bandpass Ampli- 
fier and G-Y Matrix 


Equipment: Video-frequency sweep generator, demodulator 
probe, and oscilloscope. 

Connections Required: Apply video frequency sweep signal to 
grid of bandpass amplifier. Connect demodulator probe at 
green grid terminal of picture tube. Feed probe output to 
vertical-input terminals of oscilloscope. 

Procedure: Remove socket from color picture tube. Tune sweep 
and marker generator to drive video signal through chroma 
system, with zero-frequency point at end of base line. 

Evaluation of Results: The screen pattern should appear the same 
as it does for a properly adjusted chroma-demodulator cir- 
cuit. If the response is distorted by inclusion of the bandpass 
amplifier in the test, it indicates that load resistors or peak- 
ing coils, or both, have incorrect values. 


BANDPASS 
AMPLIFIER 


TO COLOR 
PICTURE 
TUBE 


VIDEO 

FREQUENCY 
SWEEP 

GENERATOR 


Test setup. 
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High frequencies weak. Load resistor 
too large. 


To Check Chroma Channel Gains 


Equipment: Built-in video frequency marker generator, oscil- 
loscope, and 100,000-ohm resistor. 

Connections Required: Connect sweep and marker generator to 
antenna input terminals through detector network, as shown 
in diagram below. Connect scope in turn to outputs of R-Y, 
B-Y, and G-Y channels. 

Procedure: Observe relative heights of sine-wave patterns ob- 
tained. 

Evaluation of Results: Check relative heights against specified 
gains of chroma channels in receiver service data. 


R-Y 
DEMODULATOR 
B-Y 
DEMODULATOR 


TO ANTENNA 
INPUT TERMINALS 
OF COLOR 
RECEIVER 


RF SWEEP 
AND MARKER 
GENERATOR 


Test setup. 


Chroma channel response curve. 


GATE PULSE ——— 
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To Obtain the Combined Response of the Picture Detector, 
Bandpass Amplifier, and R-Y Chroma Demodulator 


Equipment: IF sweep and marker generator, demodulator probe, 
and oscilloscope. 

Connections Required: Apply IF sweep and marker signals to 
picture-detector input terminal, connect probe at red grid 
of picture tube, and feed probe output to vertical-input 
terminals of scope. 

Procedure: Remove socket from color picture tube. Tune sweep 
and marker generators to drive video signal through chroma 
system, with zero-frequency point at end of base line. 

Evaluation of Results: The over-all response should appear simi- 
lar to that of a properly adjusted chroma-demodulator cir- 
cuit. If not, investigate peaking-coil and load-resistor values. 


If objectionable noise appears on curve, pull an IF tube or 


bias off the IF amplifier. 
PICTURE BAND PASS R-Y 
DETECTOR AMPLIFIER DEMODULATOR 
DEMODULATOR 
PROBE 


TO COLOR 
PICTURE 
TUBE 


IF SWEEP 
AND MARKER 
GENERATOR 


Test setup. 


Mid-band response high. Increase 
load resistor value. 
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To Obtain the Combined Response of the Picture Detector, 
Bandpass Amplifier, and B-Y Chroma Demodulator 


Equipment: IF sweep and marker generator, demodulator probe, 
and oscilloscope. 

Connections Required: Apply IF sweep and marker signals to 
picture-detector input. Connect probe at blue grid of picture 
tube. Feed probe output to vertical-input terminals of scope. 

Procedure: Remove socket from color picture tube. Tune sweep 
and marker generator to drive video signal through chroma 
system, with zero-frequency point at end of base line. 

Evaluation of Results: The over-all response should appear simi- 
lar to that of a properly adjusted chroma-demodulator cir- 
cuit. If not, investigate peaking coil and load-resistor values. 


If objectionable noise appears on curve, pull an IF tube or 
bias off the IF amplifier. 


Poor low-frequency response. Low- 
value load resistor. 


To Obtain the Combined Response of the Picture Detector, 
Bandpass Amplifier, and G-Y Matrix 


Equipment: IF sweep and marker generator, demodulator probe, 
and oscilloscope. 

Connections Required: Apply IF sweep and marker signals to 
picture-detector input. Connect probe at green grid of pic- 
ture tube. Feed probe output to vertical-input terminals of 
scope. 

Procedure: Remove socket from color picture tube. Tune sweep 
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and marker generator to drive video signal through chroma 
system, with zero-frequency point at end of base line. 
Evaluation of Results: The over-all response should appear simi- 
lar to that of a properly adjusted chroma-demodulator cir- 
cuit. If not, investigate peaking-coil and load-resistor values. 


Poor high-frequency response. Reduce 
load-resistor value. 


U88 


To Obtain the Frequency Response Curve of a Chroma 
Demodulator 


Equipment: Video sweep and marker generator, demodulator 
probe, and oscilloscope. 

Connections Required: Apply video-frequency signal to grid of 
chroma-demodulator probe across low-impedance point in 
chroma-demodulator output circuit. Disable color-subcarrier 
oscillator. 

Procedure: Use less sweep width than in bandpass amplifier test 
(U78) because chroma demodulator circuits operate at 1- to 
2-mc bandwidth. 

Evaluation of Results: Curve should be reasonably close to spec- 
ified curve in receiver service data. As in the video ampli- 
fier, response is determined by load-resistor and peaking-coil 


values. 
CHROMA 
DEMODULATOR 


VIDEO SWEEP 
AND MARKER 
GENERATOR 


Test setup. 


COLOR RECEIVER TESTS 


Typical chroma demodulator response 
curve. 


To Place Blanking (Intensity-Modulation) Marker on a 
Chroma-Demodulator Response Curve 


Equipment: Built-in blanking-marker generator, and oscilloscope. 

Connections Required: Output cable from blanking-marker con- 
nector (on generator panel) to intensity-modulation termi- 
nals of scope. 

Procedure: Display response curve as described in U78. Switch 
marker function on. Tune marker generator to desired 
marker frequency. Adjust marker-intensity control for satis- 
factory display. 

Evaluation of Results: The marker frequency is not necessarily 
accurate unless the generator is first calibrated against a 
quartz-crystal oscillator. 


IM MARKER 
Pe 


Blanking marker on chroma demodu- 
lator response curve. 
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To Obtain the Frequency Response Curve of a Y Amplifier 


Equipment: Video-sweep frequency generator, demodulator 
probe, and oscilloscope. 

Connections Required: Apply video sweep signal to input of V 
amplifier. Connect demodulator probe to output terminals 
of Y amplifier. Feed probe output to vertical-input termi- 
nals of scope. 

Procedure: Adjust instrument controls for normal display of fre- 
quency response curve. 

Evaluation of Results: A Y-amplifier response is similar to a 
video amplifier response curve of a B-W receiver. However, 
it has ripples, caused by stray resonances in the delay line. 
It also shows a trap dip at 3.58 mc. Check against curve 
specified in receiver service data. 


Response curve of Y amplifier. 


SOUND TRAP 


To Check the Frequency Response of a Chroma Matrix 


Equipment: Video sweep generator, absorption marker box, de- 
modulator probe, and oscilloscope. 

Connections Required: Apply video-frequency signal (through 
absorption marker box if desired) to grid of matrix tube. 
Remove socket from base of color picture tube. Connect 
demodulator probe to matrix output socket terminal. Feed 
output of probe to vertical-input terminals of scope. 

Procedure: Use sweep width of 1 to 2 me. 

Evaluation of Results: Response curve should have a bandwidth 
of at least 0.5 mc and a reasonably flat top. Shape of the 
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response curve is determined by the load resistors and peak- 
ing-coil values in the matrix-tube plate circuit. 


HL fiessooog 


Test setup. 


TOP NOT FLAT 


Plate load resistor too small. 


To Make a Video Sweep Modulated (VSM) Frequency Re- 
sponse Test of the Receiver Up To and Including the Bandpass 
Amplifier 


Equipment: Video-frequency sweep generator with built-in or 
external marker generator, built-in or external modulator, 
absorption-marker box, demodulator probe, and oscilloscope. 

Connections Required: Apply video-frequency sweep signal 
through marker generator. Connect modulator output to 
antenna-input terminals of receiver. Apply demodulator 
probe to low-impedance point in output circuit of bandpass 
amplifier. Feed probe output to vertical-input terminals of 
scope. 

Procedure: Tune marker generator to picture-carrier of channel 
under test. Tune sweep generator to bring zero-frequency 
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point to end of base line in the scope pattern. 

Evaluation of Results: The VSM response is very useful as a final 
alignment check of RF, IF, and bandpass amplifiers. It shows 
how the signal circuits work as a team, and simulates normal 
reception. The response curve should look like a correctly 
aligned bandpass amplifier curve. If it is distorted, com- 
promise alignment adjustments must be made to obtain a 
satisfactory response. 


Test setup. 


Bandpass amplifier response. 


BANDPASS 
AMPLIFIER 
TAKE-OFF 
POINT 


MARKER 
GENERATOR 


EXT_3 MOD 


000000 


VIDEO FREQ. 


DEMODULATOR 
MARKER PROBE 


SCOPE 


SWEEP 
GENERATOR 


To Make a VSM Test of Receiver Response Through the 
Picture Detector, Using a Wide-Band Scope 


Equipment: Video-frequency sweep generator with built-in or 
external marker generator, built-in or external modulator, 
absorption-marker box, low-capacitance probe, and wide- 


band oscilloscope. 


Connections Required: Apply video-frequency sweep signal 
through marker box to modulator-input terminals with out- 
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put from marker generator. Connect modulator output to 
antenna-input terminals of receiver. Apply low-capacitance 
probe at picture-detector output. (Pull out the tube follow- 
ing the picture detector to obtain more nearly normal ca- 
pacitive loading on output circuit of picture detector.) Feed 
probe output to vertical-input terminals of scope. 

Procedure: Tune marker generator to picture-carrier of channel 
under test. Tune sweep generator to bring zero-frequency 
point to end of base line in the scope pattern. 

Evaluation of Results: The sweep output should appear reason- 
ably flat with full 4-mc bandwidth. Display of the undemodu- 
lated response is advantageous because it shows linearity of 
response in the positive and negative directions. 


Some color receivers have sloping response through the color- 
signal region. In these receivers, full 4-mc bandwidth is not ob- 
served, Check receiver service notes for specified response. 


To Check the Quadrature (Color Phasing) Transformer Tun- 
ing Response 


Equipment: Built-in video-frequency marker generator, 100K 
isolating resistor, and oscilloscope. 

Connections Required: Connect generator output cable to grid 
of buffer amplifier; unplug subcarrier-oscillator crystal; con- 
nect vertical-input cable through 100K resistor, as explained 
under “Procedure.” 

Procedure: Operate sweep generator on narrow sweep width 
and at center frequency of 3.58 mc. First connect scope 
(through isolating resistor) to output of B-Y demodulator. 
Next shift scope take-off point to output of R-Y demodulator. 

Evaluation of Results: In the first test, a typical color receiver 
provides a single-peaked curve with maximum response at 
3.58 mc, and half-voltage markers at about 3.35 mc and 3.9 
me as shown in waveform A. Tuning of the quadrature coil 
adjusts this curve. In the second test, a double-peaked curve 
is typically observed. The valley falls at 3.58 mc, and the 
knees at about 3.41 and 3.8 mc, as shown in waveform B. 
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BUFFER 
AMPLIFIER 


QUADRATURE 
COIL 


R-Y 
DEMO DULATOR 


Test setup. 


VIDEO 
FREQUENCY 


SWEEP 
AND MARKER 
GENERATOR 


3. 58MC 3,41MC 3. 8MC 


(A) Sweep generator to grid of buffer (B) Sweep generator to grid of buffer 
amplifier. Scope at B-Y demodulator amplifier. Scope at R-Y demodulator 
test point. test point. 


To Adjust a Quadrature (Color Phasing) Transformer 


Equipment: RF sweep generator with built-in marker generator, 
IN34 crystal diode, 300-ohm resistor, and oscilloscope. 
Connections Required: Feed output from R-Y demodulator to 
vertical-input terminals of scope. Feed output from B-Y de- 

modulator to horizontal-input terminals of scope. 

Procedure: Adjust vertical and horizontal scope gain controls to 
obtain as nearly a perfect circle as possible. 

Evaluation of Results: If a perfect circle cannot be obtained, 
adjust slugs in transformer. (Inclined ellipse shows that slugs 
need adjustment.) When ellipse is both vertical and hori- 
zontal, adjustment of scope gain controls will display a 
perfect circle. Transformer is then in correct adjustment. 


R-Y 
DEMODULATOR 

BY. 
DEMODULATOR 


TO ANTENNA 
INPUT TERMINALS 
3002 OF COLOR 
RECEIVER 


RF SWEEP 
AND MARKER 
GENERATOR 


Test setup. 
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If quadrature transformer is adjusted 
properly, a perfect circle is obtained. 
(Crosstalk can be eliminated from 
pattern by disabling sweep circuits.) 


To Check the Plate Tuning of the Subcarrier Oscillator 


Equipment: Built-in video-frequency marker generator, oscillo- 
scope, and 100,000-ohm resistor. 

Connections Required: Remove the 3.58-me crystal. Connect gen- 
erator output cable to terminals of crystal socket. Connect 
resistor to output terminal of R-Y chroma demrodulator tube. 
Connect vertical-input cable of scope to resistor. 

Procedure: Use about 1-mc sweep width and a center frequency 
of 3.62 mc. 

Evaluation of Results: A crystal oscillator tank must operate on 
the high side of resonance. Hence, the tank is peaked at 
3.62 mc. The 50% voltage points should fall at about 3.35 mc 
and 3.88 mc. In a typical receiver, the tank is normally 
tunable through a range of peak frequencies of from 3.4 to 
3.82 me. 


3.58MC R-Y 
OSCILLATOR DEMODULATOR 


VIDEO FREQ. 
AND MARKER 
GENERATOR 


Test setup. 
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3.82MC 
3.62 MC Lied 
3.35 3.88 
MC sa MC s. 
a DUE TO QUAD DUE TO QUAD 
| TRANSFORMER TRANSFORMER 
PRIMARY RESPONSE PRIMARY RESPONSE 
(A) Sweep generator to (B) Average upper tun- (C) Average lower tun- 
grid of either reactance ing limit of oscillator ing limit of oscillator 
or oscillator tube. plate tank coil. plate tank coil. 


To Check Tuning of Reactance-Tube Plate Circuit 


Equipment: Built-in video-frequency marker generator, demod- 
ulator probe, and oscilloscope. 

Connections Required: Apply sweep and marker signals to grid 
of the reactance tube. Remove the 3.58-mc crystal. Connect 
probe to terminals of crystal socket. Feed probe output to 
vertical-input terminals of scope. 

Procedure: Operate sweep generator at a center frequency of 
2.55 mc and small sweep width. 

Evaluation of Results: The peak of the curve should be tunable 
to 2.55 mc. Markers at the 50% voltage points should have 
frequencies of about 1.97 mc and 3.1 me. In a typical re- 
ceiver, the tank should be tunable through a frequency range 


of 2.2 mc to 3.1 me. 
REACTANCE SUBCARRIER 
TUBE OSCILLATOR 


2.55 MC 
1.97MC TE 3.1MC DEMODULATOR 
4. VIDEO FREQ. Nad 
‘pe AND MARKER 
GENERATOR 
Sweep generator to grid of reactance Test setup. 
tube. 
N60 
TO 3.58MC 47K 
CRYSTAL Sos “Ad 
Demodulator probe used to observe SOCKET 41K 
reactance tube response. 47K me 
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To Display Picture-Carrier, Sound-Carrier, and Color-Sub- 
carrier Markers on an RF Response Curve 


Equipment: Sweep and marker generator having a 4.5-me crystal 
oscillator and a built-in modulator, and oscilloscope. 

Connections Required: Tap off color-subcarrier oscillator voltage 
from receiver and apply to modulator input terminals. Other 
connections are same as for usual RF alignment. 

Procedure: Turn 4.5-me oscillator on. Other procedure is same 
as for usual RF alignment. 

Evaluation of Results: Compare curve and markers with specified 
data in receiver service notes. 


PICTURE CARRIER 


SUBCARRIER 


Markers at picture-carrier, color-sub- 
carrier, and sound-carrier points. 


To Mark Both Picture-Carrier and Color-Subcarrier Points 
on an IF Curve 


Equipment: Sweep and marker generator and built-in modulator, 
and oscilloscope. 

Connections Required: Tap off color-subcarrier oscillator voltage 
from receiver and apply to modulator-input terminals. Other 
connections are same as for usual IF alignment. 

Procedure: Tune marker generator to picture-carrier frequency. 
Color-subearrier marker then also appears on curve. 

Evaluation of Results: Compare marker points to those specified 
in receiver service data. 
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COLOR RECEIVER TESTS 


COLOR SUBCARRIER 


PICTURE 
— CARRIER 


Markers at picture-carrier and color- 
subcarrier points on IF curve. 


To Make an Over-all Square-Wave Test of Receiver 
Channels 


Equipment: Built-in (or separate) marker generator, modulator, 
square-wave generator, low-capacitance probe, and wide- 
band oscilloscope. 

Connections Required: Connect output from square-wave gen- 
erator to Ext. Mod. terminal of generator. lf generator 
does not have a built-in modulator, use external modulator 
circuit, as shown below. Feed output from modulator to 
antenna-input terminals of receiver. Connect low-capacitance 
probe to output of channel under test (video-amplifier, Y- 
amplifier, chroma-demodulator, or matrix). Feed probe out- 
put to vertical-input terminals of scope. 

Procedure: Turn sweep generator off. Turn marker generator 
and square-wave generator on. Tune marker generator to 
picture-carrier frequency of channel under test. Observe 
scope pattern. 

Evaluation of Results: The response from a 4-mc video amplifier 
should display a 100-kc square wave without excessive 
overshoot and ringing. A 60-cycle square wave should be 
displayed without excessive tilt. Overshoot and ringing are 
caused by incorrect alignment in RF or IF amplifiers, or in- 
correct video-amplifier adjustment. Badly rounded corners in 
the reproduced square wave are caused by too narrow pass- 
bands in the signal circuits. A Y amplifier causes more 
overshoot and ringing than a video amplifier because of the 
delay line. The bandwidth is narrower, being limited to 
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U100 


CONT'D COLOR RECEIVER TESTS 


about 3.2 mc by the color-subcarrier trap. Chroma demod- 
ulators have less bandwidth and will pass relatively low- 
frequency square waves only without extensive corner- 
rounding. 


SWEEP 
AND MARKER 
GENERATOR 


Fag 


TO PICTURE 
TUBE 


TV 


RECEIVER Test setup. 


SQUARE-WAVE | ---~~- 
GENERATOR 


WIDE-BAND 


; SCOPE 
\_ RISE 
a a y) IS 
CIRCUITS? oon 
RINGS 
Input square-wave form. Good receiver response (20-ke square 
wave). 


Poor square-wave reproduction caused 
by faulty over-all frequency response. 


To Obtain a Rainbow Display on the Screen of a Color 
Picture Tube 


Equipment: RF sweep generator with built-in marker generator, 
IN34 crystal diode, and 300-ohm resistor. 
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COLOR RECEIVER TESTS 


Connections Required: Feed sweep and marker output through 
the diode to modulate the generator signals upon each other. 
Feed modulator output to antenna-input terminals of RF 
tuner. 

Procedure: Adjust receiver controls for normal color reception, 
but advance brightness control somewhat higher. Use zero 
sweep width. Tune sweep generator to picture-carrier fre- 
quency. Tune marker generator to vicinity of color-sub- 
carrier frequency—as you pass through the color subcar- 
rier frequency, a uniform color field appears on the picture- 
tube screen. Then drop 15,750 cycles below color-subcarrier 
frequency on the marker generator. A standard rainbow 
then “pops” into color sync on the screen of the color pic- 
ture tube. 

Evaluation of Results: Color phasing is correct when receiver 
displays the standard sequence of rainbow hues (from left 
to right): orange, bright red, blues, and finally green at the 
right-hand side of the screen. 


RF SWEEP 
AND MARKER 
GENERATOR 


Test setup. Typical rainbow pattern. 
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55.25 
59.75 


61.25 
65.75 


67.25 
71.75 


77.25 
81.75 


83.25 
87.75 


175.25 
179.75 
181.25 
185.75 
187.25 
191.75 
193.25 
197.75 
199.25 
203.75 
205.25 
209.75 


211.25 
215.75 


471.25 
475.75 


477.25 
481.75 
483.25 
487.75 
489.25 
493.75 
495.25 
499.75 
501.25 
505.75 
507.25 
511.75 
513.25 
517.75 
519.25 
523.75 
525.25 
529.75 
531.25 
535.75 


537.25 
541.75 


P = Picture Carrier Freq. 


Channel 
No. 


2 
3 
4 


Freq. 
Limits 
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Television channel frequencies. 


543.25 
547.75 


549.25 
553.75 
555.25 
559.75 
561.25 
565.75 
567.25 
571.75 
573.25 
S77.75 
579.25 
583.75 
585.25 
589.75 
591.25 
595.75 
597.25 
601.75 
603.25 
607.75 
609.25 
613.75 
615.25 
619.75 
621.25 
625.75 
627.25 
631.75 
633.25 
637.75 
639.25 
643.75 
645.25 
649.75 
651.25 
655.75 
657.25 
661.75 
663.25 
667.75 
669.25 
673.75 
675.25 
679.75 
681.25 
685.75 
687.25 
691.75 
693.25 
697.75 
699.25 
703.75 
705.25 
709.75 


711.25 
715.75 


26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 


rae 37 


38 
39 
40 


542 


620 


674 
680 
686 
692 
698 
704 
710 
716 


S$ = Sound Carrier Freq. 


riz ©6355 
72775 56 
raa7, 57 
73975 58 
ras75 59 
75175 60 
ra778 «6 
7375 62 
75975 63 
77578 64 
raze ~65 
72775 66 
s 7375 67 
79975 68 
sos75 69 
sizzs 7 
sua7e 72 
82975 73 
sasze | (74 
ai 75 
sv775_ 76 
ssa7s TT 
s073 78 
sears. 9 
sri76 80 
a77s Ol 
s 00375 82 
88075 93 


All frequencies in mc. 
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INDEX 


A 


Absorption marker box 
obtaining multiple markers, 111 
use of, 110 
Alignment, RF tuner 
adjusting local oscillator, 68-69 
displaying blanking markers on 
response curve, 66-67 
displaying picture-carrier and 
sound-carrier markers si- 
multaneously on _ response 
curve, 67 
obtaining response curve, 59 
placing beat marker on response 
curve, 66 
using TV station signals, 68 
Alignment, sound IF 
discriminator of FM receiver, 122 
marking S curve with TV station 
signal, 128-129 
obtaining combined response of IF 
and detector circuit, 119-120 
obtaining crossover S curve, 126 
of systems using gated-beam dis- 
criminator, 129 
placing blanking marker on FM 
detector response curve, 127- 
128 
response curve not resting on base 
line, 000 
to sweep align IF amplifier of FM 
receiver, 120-121 
to sweep align IF and ratio de- 
tector with single test setup, 
123-124 
Alignment, video IF 
making beat marker visible in 
sound trap, 87 
making beat marker visible on 
steep side of response, 86 
marking over-all RF/IF response 
with TV station signal, 94 
obtaining over-all RF/IF response 
curve, 92-93 
stagger-tuned IF stages using over- 
all IF response, 83 
tuning traps in IF strips having 
more than one sound trap, 
84-85 
Audio amplifier 
frequency response, 53-55 
checking of, 41-42 
tests, 41-55 
Audio transformer 
interstage, checking response of, 
output, checking response of, 44-45 
driven from a cathode follower, 
45-46 
Audio sweep generator 
checking for flatness, 28-29 


Bandpass amplifier 
obtaining frequency-response 
curve, 131 
placing blanking marker on re- 
sponse curve, 132-133 
to measure gain, 132 
Balanced output for sweep generator, 
21-22 
Bass-boost circuit, 
sponse, 51-53 
Blanking marker 
placing on bandpass amplifier re- 
sponse, 132-133 
placing on chroma demodulator 
response, 140 
placing on FM detector response, 
127-128 
placing on RF tuner response, 66 


frequency re- 


Calibration 
harmonic output from marker gen- 
erator, 30-31 
marker generator, using TV sta- 
tion signal, 34-35 
marker generator against crystal 
ocsillator, 35-36 
built into sweep generator, 40 
when generator does not contain 
internal mixer, 39 
Chroma channel response curve, 136 
Chroma demodulator 
displaying blanking marker on re- 
sponse curve, 140 
obtaining frequency-response 
curve, 139 
Chroma matrix, checking frequency 
response, 141-142 
Color TV tests, 131-151 
Combined response, color receiver 
of bandpass amplifier and B-Y 
chroma demodulator, 134-135 
of bandpass amplifier and G-Y 
matrix, 135-136 
of bandpass amplifier and R-Y 
chroma demodulator, 133-134 
of picture detector, bandpass am- 
plifier, and B-Y chroma de- 
modulator, 138 
of picture detector, bandpass am- 
plifier, and G-Y matrix, 138- 
139 
of picture detector, bandpass am- 
plifier, and R-Y chroma de- 
modulator, 137 
Crossover S curve, displaying of, 126 
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INDEX 


ES ae 


D 


Demodulator probe, checking low- 
frequency limit, 26 

Distortion, avoiding stub distortion 
when sweeping RF tuner, 60 


Equipment checks, 21-40 
External modulator, construction of, 
115-116 


F 


Frequency output, sweep generator, 
11 


Frequency response curve 

checking chroma matrix, 141-142 

making video sweep-modulated 
test up to and_ including 
bandpass amplifier, 142-143 

of bandpass amplifier, 131 

of chroma demodulator, 139-140 

of harmonic-distortion meter, 43-44 

of picture-detector circuit, 98 

of video amplifier, 102-103 

of Y amplifier, 191 


G 


Gain 
checking chroma channel, 136 
measurement of TV booster, 58 
measuring bandpass amplifier, 132- 
133 
measuring IF stage, 81-82 
obtaining highly accurate meas- 
urement, 81-82 
Gated-beam discriminator alignment, 
129 


H 


Harmonic-distortion meter, checking 
amplifier frequency  re- 
sponse, 43-44 

Harmonic feedback, checking ratio 
detector, 125 


IF curve, color receiver, to mark 
curve at picture-carrier and 
color-subcarrier points, 148- 
149 

IF response curve 

applying beat marker, using built- 
in marker generator, 85-86 


158 


IF response curve—cont’d 
displaying blanking marker, 90-91 
displaying bypass marker, 88-89 
marking with TV station signals, 94 
obtaining single stage response, 80 
obtaining video IF, 77-79 
placing dual markers on response 
curve, using external marker 
oscillator, 91 
to obtain with minimum of reac- 
tive distortion, 97 
IF tests, 77-99 
Impedance, input, RF tuner, 63-64, 65 
Interference 
horizontal sweep, 79 
elimination of, 61 
vertical sweep, elimination of, 61 


L 


Low-capacitance probe 
compensation adjustment, 31-32 
checking of, 74-75 
Low-Z probe, circuit of, 80 


M 


Marker generator 
calibrating against crystal oscilla- 
tor, 35-36 
when generator does not contain 
internal mixer, 39 
calibrating against crystal oscilla- 
tor built into sweep genera- 
tor, using demodulator probe, 


calibrating harmonic output for 
marking UHF circuits, 30 
calibration, using TV station sig- 
nals, 34-35 
checking AM modulation, 32-33 
at carrier frequencies within 
range of scope, 33-34 
Marker injector 
operation of, 88-90 
schematic diagram, 89 
Markers 
marking curve by step-off method, 
108-110 
obtaining multiple absorption 
marker, 111 
sharpness of, 92 
to sharpen without stub distortion, 
84 


.e) 


Oscillation, prevention of, between 
sweep generator receiver 
scope setup, 93 


INDEX 


Oscilloscope 
control adjustments, 17-19 
curve aspect, 16 
DC, 14 
hum, elimination of, 13 
percentage response to db _ re- 
sponse, 13-14 
stable patterns, 16 
Oscilloscope, wide-band 
checking flatness of response, 29 
Overloading, of scope, 82 


P 


Phasing, 78-79 
60-cycle, sine-wave deflection volt- 
age, 62-63 
Picture detector, obtaining frequency 
response, 98-99 


Q 


Quadrature transformer 
to adjust, 145-146 
to check tuning response, 144-145 


R 


Rainbow display, on screen of color 
picture tube, 150-151 
Ratio detector 
calibrating scope base line for 
marking center frequency, 
126-127 
checking for harmonic feedback, 


displaying response curve, 124-125 
RF response curve, color receiver 
displaying picture-carrier, sound- 
carrier, and color-subcarrier 
markers, 148-149 
RF tests, 57-75 
Regeneration 
checking IF strip, 95-96 
checking mixer, 70 
to signal trace IF amplifier for 
feedback loop, 96 
Response curve, audio 
bass boost circuit, 51-53 
interstage transformer, 46-48 
output transformer, 44-46 
push-pull amplifier, 53-55 
RC coupling circuit, 49-51 
volume control, 48-49 
Response curve, RF 
checking UHF tuner response us- 
ing VHF sweep generator, 
71-73 
displaying blanking marker, 66-67 


Response curve—cont’d 
displaying picture- and sound- 
carrier markers simultane- 
ously, 67 
displaying picture- and _ sound- 
carrier markers using TV 
station signal, 68-70 
of RF tuner, 59 
of TV booster, 57 
placing beat marker on RF re- 
sponse, 66 
Response curve, sound IF 
displaying frequency response of 
ratio detector, 124-125 
obtaining response curve of sys- 
tem, using discriminator- 
type detector, 117-118 
Siamese twin curves, 121 
Response curve, video amplifier 
marking, using a built-in marker, 
113 
marking with absorption-marker 
box, 110-111 
marking without marker facilities, 
108-110 
of video amplifier, exclusive of in- 
ternal resistance of picture 
detector, 103-104 
of video amplifier, taking plate re- 
sistance of picture detector 
into account, 104-106 


s 


Sound tests, 117-128 
Square-wave test 
making over-all test of color re- 
ceiver channels, 149-150 
of video amplifier, 107-108 
Step-off method, marking response 
curve, 108-110 
Stub distortion of response curve 
when sweeping RF tuner, 
60-61 
Subearrier oscillator, checking plate 
tuning, 146-147 
Sweep generator, 9-13 
applications, 12-13 
audio; see audio sweep generator 
basic principles, 12 
checking for spurious outputs, 23 
checking sweep width, 26-27 
checking UHF converter response, 
71 
flatness check, 25 
frequency output, 11 
load-sensitive characteristics, 112 
marking picture-carrier and color- 
subcarrier points on IF curve, 
148-149 
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INDEX 


Sweep generator—cont’d 

matching 75-ohm, single-ended 
output to balanced push- 
pull, 300-ohm input, 21-22 

nonuniform characteristics, 27 

phasing of 60-cycle, sine-wave de- 
flection voltage, 62-63 

providing double-ended, 300-ohm 
output from 75-ohm, single- 
ended output, 22-23 

removing spurious beat markers, 
112 

sweep ranges, 10-11 

sweep width, 11-12 


x 


Traps, tuning of, 84 
Tuner, RF 
adjusting local oscillator, 68-70 
obtaining response curve, 59 
Tuner, UHF 
checking response, using VHF 
sweep generator, 71-73 


UHF converter 
checking response, using UHF 
sweep generator, 71 
obtaining frequency response, us- 
ing UHF sweep generator, 
73-75 
obtaining TV station signal mark- 
ers, 75 


160 


v 


Video amplifier 

determining range of frequencies 
being applied to picture-de- 
tector input, 101-102 

making 60-cycle, square-wave 
check, 107-108 

obtaining frequency response, 102- 
103 


obtaining undemodulated response 
curve, 106-107 
Video sweep modulated (VSM) re- 
sponse 
color receiver response through 
picture detector, using wide- 
band scope, 143-144 
of color receiver up to and includ- 
ing bandpass amplifier, 142- 
143 
of RF/IF/VF circuits, 114-115 
Video sweep generator, checking for 
flatness, 24 
Video tests, 101-116 
Volume control, checking frequency 
response, 48-49 


Ww 


Wide-band scope 
flatness of frequency response, 29 
making VSM test of color receiver 
response through picture de- 
tector, 143-144 


YA 


Y amplifier 
obtaining frequency-response 
curve, 141 


101 WAYS to Use Your SWEEP GENERATOR 
| ; SECOND EDITION 
by Robert G. Middleton 


Television servicemen and electronics technicians are required by the nature 
of their work to be familiar with a large variety of test equipment. It is almost 
always assumed that these men have a good working knowledge of the tools 
of their trade. Often, however, a certain routine is developed so that each piece 
of test equipment performs only a limited number of tasks. The procedures 
worked out may not be the most efficient, yet a familiar routine tends to be 
used whenever possible as long as the results are anywhere near satisfactory. 

The 101 Ways to Use Your Test Equipment series has been written to en- 
courage servicemen and technicians to explore the total possibilities of their 
test equipment. Each book takes a major unit or a group of related pieces of 
equipment and shows the ways it can be used—some conventional, some un- 
usual and imaginative. Test setups, procedures, and results are described and 
illustrated in detail. . 

101 Ways to Use Your Sweep Generator describes potential uses of this 
essential piece of test equipment. It includes actual photographs of the wave- 
forms that should be present at a given point and discusses likely defects 
when the waveform is abnormal. The uses explained range from the very basic 
to the more involved and complex, yet explanations are concise and easy 
to follow. In addition to the standard r-f sweep generator, this book includes 
information on audio sweep generators. 

Every serviceman, technician, and experimenter should have the complete 
series of 101 Ways to Use Your Test Equipment books on his reference shelf to 
answer questions regarding the possible uses of test equipment and to supply 
the best procedures for achieving the desired results. 


Bob Middleton, one of the few full-time writers in the electronics field, 
is widely known for his many books and articles on servicing and test 
equipment. Even though he has many years of experience in the trouble- 


perience alone. Much of his time is spent in his own well equipped 
laboratory—trying to find the answer to a confusing symptom or seeking 
new and better ways to service equipment or use test instruments. 

Mr. Middleton is the author of six other volumes in this series; four 
volumes cover the oscilloscope, VOM and VTVM, signal generator, and 


the oscilloscope and VOM and VTVM. He is the author of: many other 
helpful test-equipment and servicing books published by Howard Ww. 
Sams & Co., Inc. " 


HOWARD W. SAMS & CO., INC. 
THE BOBBS-MERRILL COMPANY, INC. 
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shooting of equipment, Mr. Middleton is not content to rely on this ex- 
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color-tv test equipment, and two volumes encompass additional uses of ~ 
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